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NOTES ON THE 


METALS CONVENTION 


SHAT slightly dizzy feeling, the aftermath of a 


nvention week as full as the Metal Congress, 


can better be described than by American 
Society for Metals’ Secretary W. H. Eisenman’s 
words in opening his annual report: 

‘After having presented 17 previous yearly re- 
ports, it is quite difficult to make this —- the eight- 
eent any different from the others. The items 
ar e same the figures vary. It has been 


my privilege and pleasure to report progress in 17 


of the 


IS reports, so you may realize that the supply 
criptive adjectives may be exhausted We 
sed such terms as excellent, splendid, admi- 
outstanding, scintillating, stellar, arresting, 
lossal, but not the 1936 term ‘terrific. Every 
seems to set a new record smashing the pre- 
Olympic mark and here we are again, with 
ill-time high for membership and resources 
nore papers for the congress than in any 
vear, and the largest exposition in history 


men, it's not only terrific, it's mastodonically 


s to statistics, the membership of the Amert- 
Society for Metals is now above 8000 for the 

i¢@ in history. Net gain in October (always 
month in number of accessions) was ap- 
itely 000 members; the nearest approach to 
sure was 415 in October 1934. Operation of 
iety has been quite successful financially, 


er Woodside’s report showing that $30,000 


November. 


fr Ht DD | r O R 


was transferred to surplus, leaving the cash account 
practically the same as at the beginning of the year 
Cash resources of the Chapters also increased 54000 
to a grand total of about $56,000 

Registered attendance at the Exposition num 
hered 14,900 for the first four days, not counting 
many thousands on the last day, the only one when 
the doors were open to guests not bearing invita 
tions. The exposition itself was the largest metal 
show in American history, exceeding past record 
breakers by 13 in floor space, occupied by 217 


exhibitors 
S S S 


N THE CAMPBELL Memorial Lecture, James P 

Gill carried forward the tradition established by 
a long line of predecessors, who have presented 
each a serious study of some phase of metal prog 
ress. Whereas recent lecturers have generally dis 
cussed some phase of the newer alloys, or some 
scientific aspect of the modern methods of manu 
facturing, Mr. Gill devoted his attention to today’s 
representative of the most ancient of all, namely 
tool steel Thus the subject matter was one ol 
lively interest, well presented One might think 
that standard high speed steel had been so intently 
studied long since that there would be but meager 
returns for further research. But the studies M1 
Gill has made endeavor to answer questions which 


any user has doubtless formulated in his own mind, 
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and the results will therefore be an immediate guide welded pressure vessels (both fired and 


to practice. If indeed this lecture should be differ- when made under procedure control, y: 
entiated from its predecessors it would be that the the American Society of Mechanical 
information it contains can readily and immediately adopted the present code in fact, tl 

be utilized On pages 42 to 48 will be found stance did much to encourage the cauti 

only a brief outline of the whole, and it is a pity Code Committee to conclude that a wel $s 
space is so limited, for as Mr. Gill said of one ex- properly made, inspected and tested, is j 
periment, “It took a year and a half to perform, and able as a riveted one 


a minute to give you the result!” It will, of course, 


& 3 ad 


T WAS a pleasant circumstance that 


be printed in full in a nearby issue of Transactions. 
o ad 3 


T HAT THE METALS Exposition and Convention Achievement Award was established t! 


Sauveur (in whose honor the Albert 


have acquired honorable status as an educa- ago) could be present at the American § 
tional institution is demonstrated by the attend- Metals’ banquet, and present it to W. R. ¢ 
ince of large numbers of college professors and 1936 recipient. Zay Jeffries read the « 
undergraduates. Metallurgical departments at Case merit (Dr. Jeffries being the only oth 
School of Applied Science and Carnegie Institute of of this honor). . . . Mr. Chapin’s pioneeri 
Fechnology both adjourned for the week, and fac- published in Transactions of the American S 
ulty, junior and senior metallurgists attended in a for Steel Treating in 1922, determined th: 


body. Cleveland was also made a point of call on perimentally that austenite transforms into 


three “senior trips,” bodies of students traveling site not at temperatures a little below th 


from such distant institutions as Stevens Institute as was ordinarily supposed, but at 300° | 
of Technology (New Jersey), Colorado School of Some cooling curves made earlier in | 
Mines and Missouri School of Mines. . That the Portevin and Garvin had indicated the pres 
two western mining schools should send students a delayed transformation in quenched carbo 
to the Metal Congress indicates that their historic but all three experimenters were seve! 
preoccupation with the problems of ore concentra- ahead of their time. In America, at least, a1 


tion, reduction and refining is broadening out into ably clear exposition of the mechanism of gq 


serious consideration of the problems of the user ing was not given until 1930, when H. J. | 
and the fabricator of the common metals. This is summarized several years of experimental 
as it should be, of course, for there are dozens of quenching rates at the Bureau of Standar 
' opportunities for graduates in manufacturing plants Davenport and Bain presented their studi 
to one among the primary producers transformation at subcritical temperatures 
U.S. Steel Corp. Research Laboratory » 
& o ad tle remembered, indeed, was Chapin’s funda 


work that it is not even listed in the lengthy 


MERICAN Welding Society's annual convention - 3 
liography in Samuel Epstein’s recent monog 


4 called for meetings mornings, afternoons and Deere . 
: on Constitution of the Alloys of Iron and ¢ 
some evenings all the week long. A man whose ; 
rime interest is welding could find enough here to as a 
| ” : Ww o o 


occupy his entire time; any other who wanted to 


sit in on other programs had to keep his eye on a | HE PRESIDENT’S BELL, donated so 
time table and make some quick jumps from hotel ago by Past-President Robert M. B 


to hotel, and hotel to Exposition. Fortunately most awarded to the Peoria Chapter, which in ! 


of the Welding Society's papers were preprinted in dent Archer’s opinion had shown the greatest D 


the October issue of its Journal. . . . President- ress during his administration. G. C. Riegé 
Elect is A. E, Gibson, executive vice-president, Well- lurgist of Caterpillar Tractor Co., was « 
man Engineering Co. of Cleveland, whose interest during this period. 

is primarily in the construction of heavy machinery e és 3 

for severe service like excavators, car dumpers, 

gas producers and chemical plant. In much of this 7 UDOS of Tie Wire Association, in th 
enter the newly developed high strength, low alloy a bronze plaque, was extended to Rol \ 
steels; besides the problems of welding extra heavy vest, chief engineer of the welding divis! 
joints in medium carbon steel Mr. Gibson has Adams Co., Indianapolis, for his paper “S 
wrestled with the special technique required for Are Welding Electrodes,” judged the best s 
alloys. . . . E. R. Fish, chief engineer of the boiler to the Association during the past veal 
division, Hartford Steam Boiler Inspection and In- Association plans to enlarge its scope to in 
surance Co., is the new senior vice-president. If non-ferrous wire drawing and (proba! 
memory serves, Mr. Fish’s company was insuring drawn bars and shapes. 
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it defies descrip- 
Fortu- 


: the Metal Exposition 

A to see it was to appreciate it. 
e unrivaled facilities at the Cleveland 
iditorium — high, banner-draped ceilings, 

:' es and commanding vistas — gave an im- 
. :, \ir of spaciousness to the entire show, and 
e exhibitors made the most of this feature. 

seemingly, is as necessary for a proper 
Intelligent 


a) ice, 
is something to display. 
tions of bright and shining metal and light- 
panels in backgrounds with harmonious 
| luxurious furnishings proved that in only 
f ears we have outgrown the dark plush and 

furniture era. Nor was it all eye ap- 
t] peal. Reports from inquiring visitors have it that 


the booths were manned with engineers rather than 
vhoo artists. Detailed information of a tech- 


| nature was everywhere available. And from 
e other parties to a bargain — the exhibitors 
qually pleased comment as to the caliber of 


1 who approached them for news about their 


' ct Color, space and motion seemed to 
be the three main methods of attracting the eve. 
Color” included bright and shining metal work 


d, ol course, by most metal producers. Mo- 

was frequently the magnet drawing attention 

rs welding processes demonstrated; cutting ma- 
es both flame and mechanical in operation; 

movies and talkies galore (including a robot who 
ved from photograph to photograph explaining 
he elements of alloy steel manufacture); harden- 
g equipment in mass production, both heat treat- 
ment in controlled and circulating atmospheres and 
surface hardening by induction heating; complete 
plating installations for bright electrolytic coatings; 
1 rotating globe with the continents mapped in 
brilliant carborundum these are only some nota- 
ble ones among many. Extensive operating ex- 
hibits were also installed by the companies manu- 
lacturing furnaces and furnace auxiliaries, pyrom- 


ers, recording and control devices, and optical 
ind physical testing equipment. 


oS ad o 


} ENRY M. HOBART received the 1936 award 

{ the Samuel Wylie Miller Memorial Medal 
Welding Society. Hobart 
ind Miller were contemporaries, and both enthu- 


ror the American 
Siashic pioneers. Almost exactly 19 years ago, 
Hobart, a consulting electrical engineer for General 
Electric Co., was sent to England by the Emergency 
Fleet Corp. to study the welding methods of British 
Shipbuilders. His report was undoubtedly the most 
hensive account of are welding then avail- 
Americans — who, at that time, were on the 

more interested in the older oxy-acetylene 
pl s than its youthful competitor. Every- 

ws what an important factor all the welding 
. (ling processes were to the army and navy 
the War, but so many problems were solved 


by trial and error that a Welding Research Com- 
mittee was speedily formed and its activities 
thanks to the continued interest of Engineering 
Foundation and American Welding Society) con- 
tinue to the present day. One most important 
branch of the work on fundamental research 

was then and still is under the direction of Mr. 
Hobart, and the number of projects has increased 


from a mere handful to more than 60 


o o 3 


YYMPOSIA (if one must use the word at all, he 
\” really should use that plural rather than the 
Americanized form symposiums) and “round table 
discussions” are now the style in program making 
American Society for Metals indulged in a two-day 
consideration of the Plastic Working of Metals 
which will occupy at least one complete issue of 
Transactions; the Iron and Steel Division and the 
Institute of Metals Division, A.I.M.E., 


dav to Physical Tests and Their Significance 


devoted one 


some notes on which will be printed late and 
the American Welding Society in conjunction with 
the American Society of Mechanical Engineers used 
two days (four sessions) in a Welding Practice 
Symposium. The latter may be regarded as an 
auxiliary phase of the work of a recently organized 
group of men, chairmanned by Col. G. F. Jenks of 
Watertown Arsenal, who are to accumulate and 
correlate the available information on the industrial 
aspects of welding all the common metals To 
those that take their symposia seriously, it was a 
matter of regret that the chefs de programme did 
not do some team work on the agenda All this 
intellectual fare was served on Thursday and Fri- 


day, and is likely to be indigestible in such doses 


) S$ & 
AST YEAR and the year before a special effort 


4“ was made to appeal to the less theoretical and 
more practical minded men with a series of lectures 
on some bread-and-butter phase of metallurgy. In 
view of the success of these past efforts, two lecture 
courses were arranged, one meeting late in the af 
ternoon and one after supper. H. D. Churchill, 
associate professor of mechanics in Case School 
of Applied Science, gave five talks on Physical 
Testing and Interpretation of Test Results, while 
Kent R. Van Horn, research metallurgist, Aluminum 
Co. of America, presented three on \-Ray Analysis 
Attendance was not only large, but held up well to 
the end. Undoubtedly this is a worth-while feature 
of the Metal Congress 
talks have been published in an attractive volume 


S ad aad 


NEVEN colleges held luncheons, Wednesday noon, 


for old grads, friends, and undergraduates in 


Professor Churchill's 


Cleveland for the Show pleasant affairs, all of 


them, and likely to be repeated in 1937 
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“Curtouser and curiouser,”’ day, so that it is hard even for tional Metal Congr: 


cried Alice, for indeed her ad- = an inquisitive little girl like can learn the answe: 
ventures in Alloyland were Alice to explore all of tts won- of those puzzling ques 
something to marvel at. Alloy- ders. But she is also a persist- popped into her he 
land, you know, is a place that ent little girl and every year Alloyland — where el 
grows and changes from day to she sets out to attend the Na- get the answers so 

















ALICE IN 


ALLOY LAND 


TEXT BY W. D. WILKINSON, JR.; DRAWINGS BY EARL J. N 


«PTS TONS AND TONS every minute!” Alice “You're telling me,” said the pig sad 
I heard a rough voice say. “Moreover,” continued Alice, “you 
“Who's there?” demanded Alice crossly, dirty little pig for not answering my q 
for she had a very bad headache. She had just Who are you?” 
figured out that all the money spent in replacing “Tron.” 
worn out machinery and rusty steel parts would “Iron who?” 
easily support all the unemployed in the coun- “IT run up here to answer you,” returned 
try. The thought of so much waste was so very pig ironically. “You were wondering al 
depressing that she had an exceedingly bad amount of iron and steel that rusts, an 
headache indeed. vou, ‘tons and tons every minute. ” 
“Who's there?” she repeated impatiently. “How did you know what I was t 
“Alloy,” was the response. about?” demanded Alice. 
“Alloy who?” asked Alice. “Every bright person ought to be thinking 
“Allow me to present myself,” returned the about that; besides, 'm a mine read 
strange figure that now entered the room. Alice plained the pig, referring to his subt 
was amazed to see a pig bowing before her, and ancestry. 
this pig appeared to be made entirely of iron. “I think you mean mind reader 
“You should have said, ‘knock, knock,’ ” Alice; “but we won't stress the point,” s! 
reprimanded Alice; “and it isn’t polite to run hastily, as the pig began to assume an 
into my room without asking permission.” ing attitude. 
“I have to keep away from knocks, because “You're right,” said the the pig app 
I’m so brittle; and I couldn't help running from “never stress nothing that don’t conta 
the furnace it’s so blasted hot there,” apolo- loy; it might break.” 
gized the pig, quite out of breath. “There is much truth in what you 
“Anyhow,” said Alice angrily, “I think you flected Alice. “You speak honestly ev 
ought to be more refined.” fined. Personally, I prefer a crude p 
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s honest, to a refined person who is dishonest.” 

“Say, kid, I'm for you,” responded the pig, 
eveing her Charpy. “Let’s you and me steal 
iwav to Steel.” 

“It sounds dishonest,” objected Alice. 

“| don’t mean to steal, I mean to ‘Steel,’ the 
ipital of Alloyland.” 

“How do we get it or there?” asked Alice 
confusedly. “I suppose, if it involves all that 
capital, it wouldn’t be stealing, exactly, but 
How do we get to Alloyland? Take a spring in 
the air and land there?” 

\ good chrome-vanadium spring would do 
if we had one,” said the pig, “but we had better 
take the Ferry. There’s some pretty dangerous 

stomers hanging around Alloyland; only the 
right Ferry will help protect us.” 

“Dangerous?” gasped Alice, feeling all 

aS 
“Sh!” hissed the pig, “the Agents!” 
Communists?” asked Alice. 

Worse than that,” moaned the pig. 
Nazis?” 

it's the Corrosive Agents,” and the pig's 
blanched until he appeared to be made of 


cast iron. 


November. 


Alice was overwhelmed. “I want to go by 
the safest Ferry afloat. Where is that?” 

So the pig accompanied her to a large Ferry 
that looked very popular and guided her 
aboard. It seemed quite impervious to any at- 
tacks of the Agents. “This is the Ferry Chrome,” 
he said as they left shore to the brave shouts of 
friends seeing them off. 

On their journey to Alloyland the pig told 
Alice many interesting things about the country 
and its inhabitants and about the passengers on 
the boat. It appeared that in the city of Steel, 
one of the strongest and most rugged inhabi- 
tants, as well as the brightest and most polished, 
in fact the best all-round citizen, was an indi- 
vidual named Yum Chromi Yum. Moreover, 


he was a warrior a hard for as the Agents 
had to admit. 

Likewise, Alloyland itself, like all pros- 
perous countries, has had to solve the problem 
of immigration. According to one theory, a 
very large influx of even the most desirable el 
ments requires special control if they are to be 
properly assimilated and welded into the social 
structure. The present tendency, however, as 


Alice gathered from the pig’s quaint metaphor, 
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is to adopt the quota system, which eliminates 
the need for any special control of the immi- 
grants, once they are admitted. The ratios of 
the various races Ferrian, Non-Ferrian, ete. 
are so balanced that they mutually accentuate 
their good qualities, and they always behave 
themselves. Under the old system, an immi- 
grant was regulated and controlled, being sud- 
denly plunged in oil or water and drawn this 
way and that until he would lose his temper. 
Under the newer system, well-disposed elements 
are usually provided with suitable companions 
and then left strictly alone. 
Said the pig: “My old woman told me that 
when Chromi Yum last came into the country, 
; a nice, 


he brought ho, ho, can you bear it! 


refining companion into it, to wit: N 

“What do you mean by ‘into it to it into’?” 
asked Alice, who was not acquainted with legal 
or chemical terminology. 

“I did not say, ‘into it to it into’; I said, to 
wit: ‘into it, to wit: N.”’ and that’s what she said, 
my old woman.” 

“Oh dear,” said Alice, “no doubt she said 
all those N-two’s, but what does she mean?” 


vo to the foot of 


> 


“N-two means nitrogen 
the class,” commanded the pig. 

Just then they were interrupted by the ap- 
pearance on deck of a handsome stranger. Alice 
needed no introduction to know that she was in 
the presence of no other than Chromi Yum. 
“Oh, Mr. Yum!” was all that she could say, “Ive 
heard that you're simply perfect. Is that true? 
Of course, I know it is.” 

Chromi Yum bowed in his highly polished 
way. “Call me Chrome,” he said in a gallant, 
friendly manner, and then said modestly: “It 
is true that I have done my share, probably 
more than my share, for the benefit of my coun- 
trv. As a result, my fellow citizens importuned 
me to have a son to spread my name and fame. 
At first, | was hardened against the idea 


) 


heir-hardened, so to speak. cople began say- 


I 
ing that I was too hard to get along with. But 
I finally gave in, and now I have both a daughter 
and a son Titani Yum and Columbi Yum. 
When I am with them, I am as soft and pliant 
as any loving father. They help me do many 
things that | could not do by myself, and nobody 
criticizes me any more.” 

Suddenly the watchful Chrome stepped to 
the port rail and shouted to a rapidly approach- 
ing craft which his keen eves had espied in the 
distance. “Ship alloy!” he shouted, “are you 


the Agents? If you are, you can’t come aboard.” 





After a tensile moment, Chrome cried 
“Its Nick and his Moll.” 

“Moll who?” asked Alice. 

“Just call me Moly,” answered thy 
arrival. 

“Nick who?” pursued Alice. 

ak lh 


Cockney. 


responded Nick like a 


“You ought to know all about him a 
sputtered the pig. “Him and Chrome a 
are a tough combination to fight off th: rs 
Agents.” 
“What about me?” interrupted a voi 
the craft that had brought Nick Ell and 
“Its that Rooshian,” said Nick. 
“A Russian, eh,” said Chrome. “He 
a trouble maker. Ahoy, there, are you a Re 
Russ or a White Russ?” 
“I’m a Phospho Russ,” was the answ: 
“Aha! 


maker sent by the Agents. 


I’ve heard of you. You're a ti 
You were de} 
because vou tried to disintegrate Alloyland 
now we're going to cast you out again.” 

“Cast me if you will, but not out 
caused any trouble in Alloyland, it was be 
I was mistreated. Treat me right, and I'll hel; 
vou fight the Agents. I 

“Wait,” said Chrome, “Does anybody 
know Phospho Russ?” 

An Oriental whom Alice later learned | 
know as Tung Sten approached and said quiet! 
“In my lowly capacity as principal elem« 
Tool Steel” Alice gathered that Tool St 
was a Chinese district in the capital of Alloy! 

“IT have noted that honorable Phospho Russ 
has been of notable assistance by lessent 
resistance to my progress.” 

Although Moly had said something al 
not trusting a Chinese, a Japanese, or a Manga 
nese, everybody knew that she hadn't mea 
what she said, and most people agreed 
Phospho Russ should not be considered a 
desirable alien. Even Moly was mollified 

“All right,” agreed Chrome, likewis¢ 
vated,” “let him in, but watch him.” 


"A survey of early metallurgical literat 
cates that the White Knight was the first t 
using a boiling solution containing acetic acid 
passivation of steel. The White Knight is 
saying 

“IT heard him then, for I had just 
Completed my design 

lo keep the Menai bridge from rust 
By boiling it in wine.” 


See Lewis Carroll, “Through the Look! 
Chapter VIII. 
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II ho gave a sigh of relief at the 
it was on the verge of collapse 
seaman him a 


w caste gave 


a foundry flask. The seaman 
in’'t no high-test casting wot's 
ollege, but I'm pretty handy 
\in’t passed no examination.” 

are you handy?” asked Alice. 


en I ain’t casting off, I sings. 


foundryman and patternman 
Were talking close at hand, 
st why our castings break so much 
Is hard to understand!’ 
former blamed the patterns 
(nd the latter blamed the sand 


Then four briquets did hurry up 
{nd scarcely paused to greet: 
We'll make your castings strong and 

sound 
And smooth and clean and neat 
lust put us in a cupola, 
We're eager for the treat.’ 


“The foundryman and patternman 
lalked on a while or so 
And rested by a cupola 
Whose runs were graded low: 
But those briquetted alloys came 
And waited in a row. 





{nd more briquets did follow them 
And yet another four 

{nd thick and fast they came at last 
{nd more, and more, and more 

\ll hopping to the cupola 
And scrambling in the door. 


‘O Alloys, said the foundryman, 
‘We've had a splendid run! 
| surely hope you'll come again?’ 
But answer came there none 
\nd this was searcely odd, because 


rhey’d melted every one.” 


\fter this fine old chanty Alice noticed that 
Ferry was arriving at its destination and 
welcoming throng had already gathered 
re. Principal among them was Alumin 
‘Hello, Al,” said Chrome. 
Al's 
to belong to the celebrated Yum family, 


The two were 


friendly; 


; 


English ancestors were 


earch in heraldic literature had shown 


ey had sometimes spelled their name: 
\ Mini Yum, 





The Three Most Prominent Nightride rs 


Just then an astonishing figure came bound 
ing aiong with prodigious leaps on a pogo stick 
“My brother, Vanadi Yum,” cried Chrome, “with 


bigger and better springs than ever. How are 


vou, Van?” After the greetings, Van and Chrome 
and Al went aside and started whispering 
“What in the world are 
about?” Alice. 
“Sh. They belong to the Ku 
pig, 


“How do you know? Will they do anything 


they whispering 
asked 
Klux Klan,” 
answered the nervously. 
to us?” asked Alice anxiously, 

the three 


most prominent nitriding clements in the whok 


“They might. Thevwre known as 
country.” 


Alice 
to note that they appeared to be 


The three approached was relieved 
friendly, but 
the pig still seemed to be nervous. 

“Would vou like to go night riding with us 


on my pogo stick?” asked Van 
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The pig tried to refuse on the grounds that 
he wasn’t worthy to go riding with so many re- 
fined elements, but they insisted; and Alice also 
felt that she couldn't refuse. As soon as all were 
mounted, they went bounding off with such 
rapid and tremendous leaps that Alice was quite 
terrified. 

“Don’t you ever get tired?” Alice managed 
to ask. 

“No,” said Vanadi Yum, taking an especially 
big leap, “I never feel fatigue.” 

Just as they were coming down, many 
voices started crying in terror, “The boundary, 
the boundary! Help! Stop! Don’t go over the 
boundary!” Alice looked down, and saw that 
they were indeed approaching the very brink of 
a precipice. Skillful night rider though he was, 
Vanadi could scarcely prevent another leap. 
As it was, they all fell down, tumbling to the 
very edge. 

“What is that?” asked Alice, looking in 
horror at the yawning chasm. 

“It's the 


Chrome. “If we had been precipitated down 


grain boundary,” explained 
there, we could not have ever returned without 
having to undergo the most drastic heat treat- 


ment.” 


Vetal Progress: Page 10 


“Tell us about the time you wer 


there and some nifty carbon atoms held 





tight.” leered the pig suddenly at Chrom 





blushed at the memory of this youthful 
cretion. 

“You're sillier than Silly Con,” ans 
Chrome angrily, referring to Alloyland 
scavenger and street cleaner, an_ inval 
though little-noticed citizen. 

“And the whole country was attacl 
the Agents, just because you weren't | 
defend it.” 

“You're cracked,” said Chrome; “vy 
know what vou’re talking about.” 

“And Columbi Yum saved things in t 
of time by locking up the carbon,” chi 
Vanadi Yum. 


rassment, Alice suspected that there was 


Judging from Chrome’s 


deal of truth in what they were saying, | 
she could see that the poor pig was 
cracked by the impact of their fall. She 
for his own sake that he had been the 


Knight," who survived many such falls 





*The White Knight, an inventor who 
tests on his specially designed armor by fall 





horse and dropping weights on his toes. |! 
roll, loc. cit. 









<| vou for an atheistic crackpot * cried 
losing his temper. 
< blast him. In the blast furnace with 
ed a number of religious fanatics who 
attracted by the argument. 
you can’t convert him by putting him 
st furnace.” objected Chrome. 
o the bessemer converter, then,” shouted 
selvtizing alloys. 
hope the government won't permit you 
ire a poor pig in a bessemer furnace,” 
i¢ d Alice. 
Politically,” replied Chrome, “our country 
mitted to the Open Hearth Policy, but this 





s 


| : . ; 
) ligious matter involving the conversion of 


fidel pig. 
‘What is vour religion?” inquired Alice. 
We are the Eternal Pantheists. We be 


NY ~~ sane 


ve that pots and pans will last forever when 
de of the Perfect Alloy. 
symbols of the Universal Container 


Pots and pans are 
the su 
preme metallic Unity containing a Diversity of 
\lloving Elements.” 

Ha, ha, ha,” 


Riding overhead on a huge magnet, two fig 


interrupted two new voices. 


s were swinging down toward the pig. The 
mers proved to be Silly Con and a Kobold 
the first one Alice 


They were both 


| brownie or a gnome 
ould remember having seen. 
laughing, and Alice was much attracted by 
them, as she could sense that they were mag 
lic personalities. The Kobold was reciting 


stanza from a poem entitled: 


Ferrowocky 
fwas pig iron when Brinell and Ehn 
Did Spiegel, graphite, and briquet 
\nd all the irons enlarge the grain 


But Chromium not vet. 


Chrome then helped Silly Con and_ the 
Kobold attach the magnet to the pig, who was 

sted aloft and conveved to a glowing cupola 

melting, 

“In spite of myself,” grunted the pig, “I'm 

¥ to become refined.” 

“We won't associate with you till you are,” 
said Van. By this time all the 


\llovs of Alloyland had hurried to the scene 


“Drop him in.” 


is the pig disappeared, they began chanting 
ligious frenzy. 
No hard feelings any more,” responded 
ig, Who felt himself becoming momentarily 
S rand softer. 
\lice turned her back on the cruel sight, 


¢ had no desire to see the immolation of 


the poor pig. She was comforted, however, by 
the thought that he had gone to a bessemer land 


“What about Alice? 


“Put her on the pogo stick, and bounce het 


cried a voice, 
over the grain boundary.” answered anothet 
Before she could do anything about it, rough 
hands had seized her, and the order was obeved 

“Its too deep for me.” she shuddered to 
herself as she sailed over into the chasm. 

She was really too frightened to glance 
back, but from the shadows that flickered 
around her in the red glow, it appeared that all 
the allovs were moving in a strange folk dance 
to the brink of the furnace and hurling them 
selves in to mingle with the molten” pig 
supreme martyrs to Destiny and the achiev 
ment of the Perfect Alloy 


disappeared and the chanting ceased 


SOOn the shadow: 


“Its still too deep for me.” she said the 
next day, as she wondered about her experi 
ences. For a long time it seemed to her that 


she could still hear the Song of the \llovs 


Solo 
How doth a little ferr’ alloy 
Improve the shining steels 
And make machinery a joy 
With wear resistant wheels 
Chorus 
Hail, Allovland, the free, 
Hail our mighty nation, 
Hail, strength, ductility 
We still defy abrasion! 
Solo: 
Resisting atmospheric stain 
And chemical corrosion 
On land or sea or speeding plan 
In pumps we fight erosion 
Chorus 


Hail, Allovland, the free, 
Sing aloud this air, 
Hail, strength, ductility 


And down with rust and wear 
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Each year some prominent and the University of Michigan, of excess carbides 
aclive American metallurgist ts shortly after his death. This speed tool steel should 
asked by the American Society year the honor fell to James P. trolled by forging a 


for Metals to give a lecture on Gill, metallurgist of Vanadium- treatment to give the 

some aspect of metal progress. \dloys Steel Co., one of the bril- ling tools, and how th 
This lectureship was estab- liant young men who have phere in the heating 
lished in honor of Edward delved into the ancient mys- affects the temperatur 
deMille Campbell, a coura- teries of the tool maker's art. fool before quenchi) 
geous and tnspiring teacher at He shows how the distribution hence its eventual qr 





HIGH SPEED 


TOOL STEEL 


B Y ] A AY ke > rs G I 
ODAY I will talk on the subject of high the effect it exerts upon the physical prop: S 
speed steel, a material which has an eco- of the steel. 
nomic importance far in excess of the It is common knowledge that this segr 
amount produced or of its monetary value. It is varies in size and distribution from the outsid 
a complex material, so its behavior offers many to the inside of the ingot, and that the dis 
opportunities for study and investigation. I shall tion is influenced by many factors. It 
deal only with one composition of high speed generally agreed that this segregate can o 
steel, namely, a steel containing almost exactly distributed or broken up by mechanical! 
0.70°° carbon, 18‘. tungsten, 4% chromium, 1% which causes it to elongate and break ap 
vanadium and with about 0.25°° of manganese the direction of working. It is also knoy 
and 0.30°° of silicon. The characteristics of a there is a direct relationship in the size an¢ 
steel represented by this analysis will be found tribution of this segregate when compart 
to varying degrees in all types of high speed. structure of the bar with the structure 
ingot from which it was made. In the o! 
THe CarsBipe SEGREGATI paper some micros are shown indicati 
the segregate may have a variable dist! 
A photomicrograph of high speed steel in determined by ingot size, mold design, « 
any condition will show particles of an excess temperature, rate of cooling and by deg 
constituent, commonly called the “carbide seg- mechanical work, but the individual p S 
regate.” It is generally assumed that this segre- may have a variable form, either quit 
gate has a pronounced effect upon many of the roidal or having a mixed spheroidal and 
characteristics of steels in which it occurs, but appearance. A completely angular app¢ 
most investigators have been primarily inter- is unusual, but when it appears it cal 
ested in determining its composition rather than readily broken up by mechanical work 
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sular appearance is not unusual and it 
shown how such a structure tends to 
e properties and behavior of the steel. 


mav be mentioned that high speed with 
segregate will harden only to Rockwell 
¢-63 when quenched and tempered, as 
d to €-65 or C-66 for annealed high 


ith spheroidal segregate. 








DAD D 


AQaqar 


~») 
nN 











4 . [20 160 200 
Deformation in Degrees 
Plasticity of High Speed Steel (as Deter- 
Stress-Strain Curve in Torsion) Vary With 
re / High Speed Steel of Equal Hardness 


S \ number of investigators have displayed 
keen interest in the composition of this segre- 
vate. Westgren and Phragmen suggested the 
omposition of Fe,.W.C when the segregate is 
saturated with tungsten, and Fe,W.C when sat- 
rated with iron. 
iv the somewhat questionable method of 
dissolving the iron matrix in dilute hydrochloric 
d, the segregate was obtained from a number 
| samples heat treated in different ways. Resi- 


lues from the annealed material show a higher 


irbon, chromium and vanadium content than 
the residues from the hardened samples. The 
ufferential in carbon content between the an- 


led and hardened samples is indicative of 
diffusion of the carbon from the carbides to the 
\ 
‘he residues were also analyzed by X-ray 
ction, and the photograms of all the resi- 
d vere substantially the same and in agree- 
with those observed by Westgren and his 
issociates for the principal carbide phase in 
eed steels. 


itrates from the quenched samples were 


\ ovem her. 





cloudy, and on settling, these fine residues were 
analyzed by X-ray diffraction, but evidently 
were of colloidal size and gave no diffraction 


a 


pattern. These filtrates analyzed about 65 
tungsten and 0.41 to 0.68 


Since it did not seem certain that onlv one 


carbon, 


compound existed in the residue, a number of 
heats were prepared with variable carbon con 


tents and the residues obtained. In three « 
them a new compound appears, and a compart 
son of its diffraction pattern with those reported 
by other investigators definitely shows it to be 
the compound Fe,W., 

It, therefore, appears likely that the cat 
bide segregate is predominately composed of 
Fe, W.C, 


mium and vanadium carbides, possibly a small 


with probably small amounts of chro 


amount of Fe,W, and iron associated in an 
eutectic. The large proportion of Fe,W.C pres 
ent in the structure justifies the use of the word 
“carbide” as applied to this segregate. Regard 
less of the structural condition of the steel, 
whether it is annealed or hardened, with the 
segregate in a spheroidal, angular or fused con 
dition, the primary constituent of the carbide 


segregate remains essentially the same. 
ke T P P ? 
LFFECT OWN HYSICAT ROPERTIES 


Strength and plasticity of high speed steels 
can be varied over a wide range by only slight 
changes in grain size and in segregate distribu 
tion. These properties were determined, as sug 
gested by Emmons, in a torsion test, wherein the 
torque in inch-pounds is plotted as the ordinate 
and the angular deformation or twist in degrees 
is plotted as the abscissa. 

The figure shows stress-strain curves of 
some specimens treated in several ways and 
then tempered at 1050° F. for 1.5 hr. All were 
within the hardness range Rockwell C-63 to C-6o., 
Specimen 11-T had a small grain and small 
a medium 


spheroidal segregate; specimen 12-1 


grain and small spheroidal segregate; specimen 
13-T a large grain and small spheroidal segre 
gate. A comparison of the strength and plas 
ticity of these three specimens shows a direct 
relationship to grain size, the plasticity decreas 
ing at a very rapid rate with increase in size of 
the grain. Specimen 16-T was given the same 
original treatment as specimen I1-T, then a 
stress relief treatment (which will be described 
later) and a second hardening the same as the 
original. It had a grain size substantially the 


same as specimen 11-T but appears definitely to 
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Ne f flaw Ji frie’s 


(rill 's 


SINCE Hle was educated at Universit 


and has the le 


double 


Ssceure 


lost by thre 


treatment. 


ol 
Specime 1 


have some its plasticity 
17-1 
gate which had been near the fusion point and, 


be 


plastic deformation 


contained a 


as would expected, shows substantially no 


Specimen 1T8-T owas treated to produce the 
segregate with an angular crystalline appeat 
ance and it is verv brittle more so than can 
be explained on the basis of the grain size of 
this sample It would appear that the sharp 
corners and edges of the segregate in this form 
had a wedge-like effect, thereby making the 
material much less plastic The tendency tor 
the segregate to assume this form is somewhat 


at 


temperature; long heating for any purpose, even 


proportional to the temperature and = time 


annealing, may affect the physical properties in 
the ‘at 


ments given to high speed steel, essentially for 


final product Thus, homogenizing tre 


the most desirable purpose of breaking up the 
cored structure, will tend to place the segregate 


in an angular form, thereby inducing brittleness 


or lack of plasticity. 

Quenched specimens, not tempered, Rock 
well C-65, C-66, or C-67 hard. show almost no 
plastic deformation, undoubtedly due to the 


stresses that remain after quenching, but even 


in this condition the specimens show a relative 
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strength very similar to that afte 
as shown in the figure on page 43 
The thermal conductivity of hig 


steel is of Importance, since the failure 


is often the result of the softening of the 


edge from the temperature to which 1 
heated; the rapiditv with which the sf 
conduct heat from the cutting edge wil 
considerable effect upon the rise in tem 
it the cutting edge, which in turn allt 
lif Experiments on specimens prep 
have different microstructures, as aboy 
cate that variations in size, shape and 


eration of segregate do not materially a 


conductivity. 


HARDNESS 


\ most important physical propert) 


speed steel is its ability to retain its 


at elevated temperature, the so-call 
hardness” or “hot hardness.” A numi 
forts have been made to determine this 
of high speed steel, which as a wh 
rather unsatisfactory until the investig 
Harder and Grove using a method k 
“mutual indentation.” The results w 
sented in a paper at the New York m 
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ican Institute of Mining and Metal- 
Engineers in February, 1933. Their 
ns were that the hardness of high speed 
levated temperatures shows a definite 
to the cutting properties of the steels 
d in production. 

the work of Harder and Grove seems 

much significance to the property of 
rdness,” a number of specimens were 
d of exactly the same composition of an 


The specimens were 


1X-4 high speed steel. 

repared to the exact size suggested by Harder 
nd wwe and were tested at the Battelle Me- 
morial Institute, using the identical equipment 


ind procedure as described in the paper men- 


| These tests were made at 1200° F.. and 


Dr. Harder found that the hardness, computed 
thie Brinell test, varied from 338 to 415 de 


is! 


pending on the history of the specimen. 


“Hot 


rease in grain size; the smallest grain showing 


hardness” increases directly with in 


iverage for both quenched and drawn speci- 


s of 312; the medium grain an average 
brinell hardness of 390 and the very large grain 
iverage Brinell hardness of 110. The speci- 


en Which was quenched from the point where 


he segregate is just beginning to fuse in the 


grain boundaries, which also had a very large 
rain, is substantially of the same hardness as 


the specimen treated to produce a large grain 
vithout fusion of the segregate. The specimen 
h was quenched from the as-rolled con 

and which shows a grain size intermedi 
etween very small and medium, shows an 
hardness of Brinell 369, exactly where it 


SIZC. 


orain 


with its 


accordance 


d be in 





Photomicre 
Showing Effect of Uniformity 


(rrain Size. Wik ra 29 is 1 im. [POM Sut 


\ ove her. 


graphs at 00 Diame fers Ta ¢ 


a 
il 


19360: 


The specimen having an angular segregate 
was unique, for it showed an average hardness 
of Brinell 


the lowest of any of the specimens 


335 in the as-quenched condition 
but in the 
Brinell 388 


cutting 


tempered condition a hardness of 


These results are consistent with 


tests, for so long as the cutting edge does not 


chip (brittleness induced by the large grain) the 


tool will usually show a longer lift This is 


based on the assumption that the tools are given 
a single quench to produce the increase in grain 


size, Which also means that the time or tempera 


ture is increased as the grain size is increased. 


When the large grain was produced by several 


quenchings from the same temperature, given 


an anneal and then quenched, the “hot hard 
ness” of the specimen was not nearly as great as 


when the grain was grown in a single quench. 


EFFECT OF SEGREGATE ON GRAIN SIZE 


fo determine whether the grain size de 


veloped on hardening was a characteristic of the 
heat of steel from which the sample was taken, 


tests were made from heats varied in a number 


of items (scrap, double slags, deoxidizers), but 


no measurable difference was discovered 


Grain size in small tools does not increase 


as rapidly during conventional heat treatments 
as in larger tools, but this may be « \plained by 
the fact that in hardening specimens they are 


held in the high heat of some 2350) EF. for only a 


few minutes and there is an appreciable tem 


perature gradient between the outside and in 


side of the specimen at the time of quenching 


In order to obtain samples having the seg 
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regate distributed in particles of about the same controlling factor. Some _ oil-quence! 
size entirely across the section, pieces were cul mens were therefore given a stress re] 
from a forged billet 8 in. square, one sample ment as follows: Temperature increas 
taken 1 in. from the outside, the second halfway each $0 min. in carrying up through 
between the center and outside, and the third lb7o to 140° FF. After this slow heat t 
from the center. Lhe three specimens were transferred to a preheat furnace at 1] 
treated at the same time by quenching from a high heat at 2350° F. and quenched i: 
temperature of 25507 F. (1285 C.). The respec- nary way. A single treatment of this 
tive micros 29, 30 and 31 (page 45) taken alt not affect the grain size as indicated by 
000 diameters, show definitely that the grain and micrograph, Slight “fish scale” an: 
size Is the smallest in those areas which have grain siz appeared after the third re pe 
the most uniform and finely divided segregate. this stress relief heating followed by qué 
No. 30, taken of the specimen halfway to the Even slower heating in a wider range, 
center, is an excellent example of the restraining L1o0°> FF. developed “fish scale” after 
influence of the segregate on grain growth, repetition, 
since in the areas having the finely disseminated Assuming that stresses are the | 
segregate the grain is considerably smaller than cause of the abnormal grain growth, t! 
in the surrounding areas having only a few parently our procedure of stress remoy 
large particles. Phis appears to be good evi- not quite remove all of the stresses in Spt 
dence that the segregate mechanically obstructs of this size. Our experiments show clear! 
grain growth. stresses are much greater near the cente: 
This same effect was shown by studies on specimen than toward the outside and 
pressed bars of carburized iron (prepared from would undoubtedly be more difticult to r 
very pure iron carbonyl) with or without fine such stresses with an increase in the size 
particles of tantalum carbide (shown to be specimens. It is also likely that the tem 
practically insoluble in solid iron at all tem- ture and rate of grain germination may 
peratures). Various heat treatments developed fluenced somewhat by the degree of stress 
large grains, both microscopic and Shepherd exists at the time the specimen is heated 
fracture standard, in the carbon steel, but con- 
siderably smaller grain size when conditions KE rrect oF FURNACE ATMOSPHER! 
were otherwise the same except that the steel 
contained fine particles of tantalum = carbide. It is important, in the hardening 
This large difference in grain size seems a most edged tools, to heat them in such a manne! 
conclusive bit of evidence upon the mechanical the fine cutting edges will not be damaged 
restraining effect on grain growth of carbide many vears it has been known that fur 
particles imbedded in the material. mospheres materially affect the surfac 
speed steel when heating for hardenin 
“Fisu ScaLce” Arrer REPEATED HARDENING naces with controlled atmospheres hav 
developed primarily to produce a better s 
It is well known that the re-hardening of on hardened tools. Shortly after this 
high speed steel, when performed under certain noted that in certain atmospheres the stee! 
conditions, results in the steel having a so-called be held much longer at the hardening te! 
“tish scale” or “marble” fracture. Brophy and ture without material grain growth. Ts 
Harrington have apparently established that the Phillips and Weldon published papers 
abnormal grain growth which causes such a phenomenon. Their deductions were pra 
fracture results from straining, and that there the same, namely, that the gases surround 


is a direct relationship between the size of the steel during heating for hardening did 


grain and the degree of stress existing in the materially affect the grain size as well 
steel at the time of reheating for hardening. temperature at which the carbide s« 


They also pointed out that when the material would fuse. 


is highly stressed such stresses must be removed About four years ago the speaker 
by annealing for extended periods of time to agreed, but when attempting to check his 
prevent abnormal grain growth. in a different furnace and with gases s\ 
Rate of heating through the recrystalliza- cally mixed, different results were ol 
tion range (1375 to 1440°F.) is probably the Further investigations led to the col 
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sases surrounding 
| were materially 
the temperature of 
as well as the time 


i. A 


tors have taken ex- 


number of 


to these conclusions 
this reason experl- 


cre again made to 


5 that by varving the 
sition of the gas, a 


made in 


could be 


of heating. The first 


of samples was 
treated in a controlled at- 
er furnace. The 


s were machined by 


ing !. in. of surface 

ve a evlindrical bar 
2 liameter by 2 in. long; 
i in. hole 1), in. 
was drilled 


the center. 


deep 
longitudinally 

Three ther- 

ouples were used, one 
nside the 
ther flat 
face of the specimen; the 


specimen, an- 


against the sur- 


third was the furnace con- 

















7 VUiinrrky 
Fig. 42 (Above Shows That High 
Sieel Specimens Heated in Atm 
With Excess CO, Reach Hearth 
ture Much Quicker Than in CO. 
(below) indicates that in latter case 
90 min. (double time is insuffi 


ol couple located about 6 in. above the hearth. 


lhe temperature of the hearth was taken imme- 


diately before placing the specimen in the fur- 


we and immediately after its removal. 


New 


thermocouples were used for each specimen, 


ind temperature 


readings were taken every 30 


st \ll the specimens were preheated alike in 


the same furnace and for the same period of 


ne, Which was 35 min. at 1550° F 


OXYGEN CAUSES SELF-HEATING 


lor the first two specimens (No. 41 and 42) 


lemperature control was set at 2360° F.) An 
sphere containing 4.6% CO, and 11.4°% CO 
was used for specimen 41 and an atmosphere of 
110° CO, and 1.0% CO was used for specimen 
2. The results, at the top of this page, defi- 


\ show 


that the specimen heated in the 


ontaining the greater percentage of CO 


rose in temperature more rapidly and attained 


sher temperature. 


Specimen 41 


nevel 


ned the hearth temperature, while speci- 


12 did. 


ent length of 


time so specimen 


ossibly specimen 41 had not been held a 


13 was 


d in the same atmosphere and held 20 


\ ovem her. 


periments were 


S] ced 
s phe re 
Te mpera 


Figq. 


min. with the result shown 


below; again the 
did not 


the hearth. By 


specimen 
become is hot iis 
experiment 
a temperature was selected 
so that 
be lie ated at th 


and to the same temperature 


speciinen 1] could 


same rate 


ina gas containing 3.8 (0) 
and 11.6 CO as specimen 
2. which was heated = in 
11.0 CQO, and 1.0 CO 
It was found that the con 
trol should be set at 2390 
FF. to 
rate. Figure 41 


obtain this heating 
(page 48) 
shows a comparison of the 


Pho 
page 48 


temperature readings 
tomicrographs on 
taken halfway between cen 
these 


ter and outside of 


specime ns show no notice 


orain size 


able difference il 
Hardness of the two was ex 
actly the 


Rock well C-66. 


same, namely, 


Similar ex 

















made 


using the same furnace 


with about the same atmosphere but varying the 


temperature and in every instance the 
obtained 
and illustrated here 
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were 


17 


results 


similar to those described 








It must not be inferred from these experi- 
ments that the amount of CO and CO. gases 
present alone determines the rate of heating. 
It is possible to keep the amount of CO and 
CQ. gases constant and vet vary the rate of heat 
ing by a change in the composition of the re- 
mainder of the gas, 

If atmospheres do affect grain size then it 
should be noticeable with radically different 
atmospheres; to test 


this, additional experi 





1. The thermal conductivity is 
terially affected by the grain size or by 
tribution and form of the segregate. 
>». The hardness at elevated temp 
is materially affected by grain size and 
outward appearance of the segregat: 
tribution of the segregate is of inferior iy 

6. The susceptibility to grain growt 
a characteristic of the method used in 

the charge and deo, 
the steel that is to 





ments were made. <A [O77 oon peeen Ee AF > i | normal variations = ii 


quartz tube was used 
for the heating cham 
ber, through which were 
passed, in different ex 
periments, pure CO, pure 
CO., and air. When the - 
tube temperature was 
maintained at 2340°F. 
the center of the speci- 
men heated in CO did 
not reach tube tempera 
ture in 20 min., in CO 
it reached tube tempera 


ture in 12 min., while 


steel making practic« 

7. The carbide seg 
which is not dissolved j 
solution in the steel m« 
cally obstructs grain 
of the austenite. 

&. The stresses wh 
sult from the initial | 
ing of high speed sti 
quire a considerable le: 
time for removal at con 
tively low temperatures 
g stresses when fully rem 


will only slightly affect 





the specimen heated in 
air only 5 min. far ex 
ceeded the tube tem 
perature both on the in 


side and outside. This 








physical properties of the st 
on rehardening. 

9. The grain size 
steel is affected by th 


position of the furnace at 








specimen plainly shows 
self-heating or heating ere 
from = oxidation. All Fig. 4% Furnace Ce 


three had substantially 
; an Atmosphere WithkE 


Vuch Higher When He 


phere surrounding § the 


Minute during hardening, only as 
nirols Must Be Set composition of the gases 
ating High Speed in fects the rate of heati 


recess CO Than With the temperature of thre R 


similar gral IZe i , 
r grain size at the Excess of CO. So That Steel May Reach 
center of the sample in Equivalent Temperatures in 10 Min, men. 


the respective times. 


SUMMARY 


° . > : is 
l. The carbide segregate in an Rory Pes o 
. Wear 3 3 
I8-1-1 high speed steel is not ma ARS.” ‘hy 
terially changed in composition by “SP 3 
° : ; Sis 2 
heat treatment, by distribution or by eS ING aes 
R : : yy ee 
<ae wa “ 
outward form. ye o78 
2. The outward appearance of SL we 
. ‘ ‘ hall * - 
the carbide segregate seems to in + PE 
2° > 
fNuence the rate of diffusion and thi Pn ha! 
hardenability. : 


6. The strength and plasticity of 
high speed steel is materially at 
fected by the grain size, by the dis 
tribution of the segregate and by th 


outward form of the segregate. 


~~ — —— 





Fig. 45 and 4 Grain Size of High Speed Ste 
Substantially thre Same i] Sample s Lire He ale 
Same Te mperature, Wik re (i corre S$ pre nas fe S pe 


men 44 in Fig. 44 above, and Micro 46 to Spectmen 4 
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welcome a 
these 
arrangements having 


glad to 
rere spondent lo 


leading 
of high 


ide for pertodic letters 


H. G. Monypenny of 





FOREIGN 








| NEXPLAINED ANOMALIES IN CREEP STRESS 
or Various CARBON STEELS 


.HEFFIELD, 


England —In England, as in 


“ other countries, the behavior of steels at 

temperatures forms the basis of many 

estigations. Interest centers particularly in 
that range of temperature 650 to 1000> FEF, 


vhich is of importance in modern steam plant. 


lhe desire to increase steam temperatures for 
sake of greater eflicieney is in the minds of 
t designers of power plant, and consequently 
real demand for reliable data 


Is a very 


showing the combined effect of these high tem- 


eratures and of stress on steels which are 
sutlable for plant construction. 
lt is now some vears since the idea of a 


ing creep stress value” was propounded, 
din the meantime many determinations have 


made of the creep stress values of various 


steels, A study of all this work admitted], 
rv great value indicates very definitely, 
ver, that the behavior of steels in- the 
mentioned temperature range is’ very 


plex and that the load carrving capacity of 


ric ular steel. while SO) heated, ae >< nas on 


V factors, some of which are still unknown 
truth of this statement may well be appre 
“Som 


Carbon and Molybdenum 


d by reading the paper on Aspects 
Behavior of 

Steels at High Temperatures” by Jenkins, Tap 
Mellor and Johnson, which was presented 


ne to the Chemical Engineering Congress 


\ ol ember. 





Sheffield, England 
penny ts connected with Brown 
Bayley’s Steel Works, Ltd., a 
British 
grade 
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sleel 


Vr. Mony- one of the 


fors of the high chromium and 


ptoneer investiga 
nickel alloys, and his book on 
“Stainless and Steel” is 
authoritative 


manufacturer Iron 


He is 


LETTERS 


There is much of interest and im 
portance in buat 
directed to the first part of it dealing with car 


the 


in London. 


this paper attention mav be 


bon steels, as it has a direct bearing on 


statement made above. 
tested, six of which had 
thre ré 


Thirteen steels were 
a nominal carbon content of 0.15%. and 
mainder of O40 


at 810° F. 


Creep tests were carrie d out 
and the 
the 
mild steels behaved 


at the 


under a stress of 18,000 psi 
all the steels measured at 
Four of the 
that is, 


rates of creep of 
end of 20 days. 

in a similar manner conclusion 
of the 


rate of OS 10 


were creeping at an average 


much weaker, their 


test, they 


per hour other two mild 


steels were relatively creep 


being respectively 13 and 135 times as great 


A similar variation was found in the higher 
carbon steels Six of these gave results of the 
same order. their average rate of creep being 
1.1 10° per hour Phis value, it may be noted, 
is higher than the average value for the normal 
steels containing O15 carbon which. in itself, 
provides much food for thought The seventh 
steel behaved abnormally; its creep rate was 
18.5 10°. a value thirteen times vreater than 
the average of the other six 


It should be emphasized that all the stecls 


normal products of the acid Opn nhearth 


were 
basic openhearth and basic electric are furnaces, 


and lest it be thought that the steel making pro 


ess was the deciding factor, it mav be noted 
that ol the thre steels poss¢ ssing ibnormally 
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fast creep rates, one was made in each type ol 
furnace. Determination of the oxygen contents 
of the steels failed to indicate any reason for 
the difference in creep strength, nor could the 
latter be linked up with the response of the 
steels to the McQuaid-Ehn test; microscopic and 
macroscopic examination also gave no evidence 
which would account for the high rate of creep 
of the three weak steels. 

These tests were carried out on normalized 
material and although different heat treatments 
affected the actual creep rates of the steels, the 
three weak steels exhibited relatively high creep 
rates under all conditions. 

It appears, therefore, that two different 
casts of mild steel, having substantially the same 
composition and similarly heat treated, can ex- 
hibit widely different behavior when tested at 
S40 FF. and that the reason for this is still ob- 
scure, The fact that such abnormality may occur 
makes it highly desirable that some type of 
rapid creep test be devised which will distin- 
guish with certainty between steels having nor- 
mal and abnormal creep properties, and vet 
may be carried out so expeditiously that it can 
be applied as a routine or inspection test to each 
cast of steel intended for use at high steam tem- 
peratures. 

One wonders, also, whether this unusually 
low resistance is confined to ordinary carbon 
steels or whether it may also be found among 
the many alloy steels that are being used be- 
cause of their greater “strength” at high tem- 
peratures. If the latter be true, the problem 
confronting metallurgists and engineers inter- 
ested in plant operating at such temperatures, 
is indeed a thorny one. 

J. H. G. MONYPENNY 


ForGcED VerRsSUts Cast CRANKSHAFTS 


S' HWEINEFURT, Germany Under certain 
detrimental conditions of design or service 
the endurance of machine parts is often so 
greatly reduced that fatigue failure results. To 
avoid such predictable failures, some parts of 
important machines are regularly replaced af- 
ter a certain number of hours in operation. For 
security and economy, therefore, an increase in 
the endurance of such parts is much to be de- 
sired. This may be done either by constructional 
measures, such as improving the strength-distri- 
bution of the part, or by prior cold working of 
the critical section, 


Crankshafts are especially susceptible to 





fatigue failure, because of the abrupt ti 


in the flow of energy from the journals 


necting rod pins to the cheeks. The 


sé 


l 


I 


zones may be considered as notches whi 


the endurance in large crankshafts mad 


bon steel (70,000 psi. ultimate tensil 


\ 


for instance, to be only about 10.500 ps 


dicated by statistical studies of 


t1 


" 
cil 


diesel motors. By thorough, systematic 


; 


} 


tion of fracture surfaces and locatior 


possible to redesign to relieve somew! 


endangered places, as noted above. 


One method used to search f 


( 


fatigue failure in long aircraft engin 
te 


shafts is to study the resonance 


vibration. Shorter crankshafts 


of 
for 


bile engines are of a deeper torsion typ 


failure in bending therefore predominates 


The above conclusions of Prof. A. | 
(recently presented at the 74th conventi 
the Verein Deutscher Ingenieure at Darms 


were experimentally verified by enduran 
Ot 


on single-throw crankshafts mad¢ 


pearlitic cast iron and black hea 


rt 


mall 


iron, conducted in the materials testing lal 


tory of Darmstadt Technical Colleg 


Lhe torsional endurance limit 


j 
{ 


was firs! 


vestigated by preliminary tests on small 1 


shaft models made of 70.000-Ib. machin: 


Journal bearings and connecting rod pin 
Pee] 


0.55 in. diameter, throw was 0.98 in. 


ance between cheeks 0.59 in. Usi 


ng 


and 


» 


torsion machine and properly finished 


drical specimens, the endurance limit of 


steel was found to be about 28,500 | 


of the quasi notches that is, tl 


sl 


> 
r¢ 


trans 


from the pin and journals to the cheeks 


because of a 0.060-in. oil hole, th 


eC 


endul 


of the model shaft was reached at a tors 


stress of only 20,000 psi., indicating thal 


natural endurance of the steel was 


about 30°. by the unfavorable shape. 


more oil passages were drilled, corr Spo 


\\ 


to the usual number in crankshafts, the tors 
14.000 


endurance stress was reduced to 


in other words, the normal endurance 


steel was reduced 50° 


| 


After these preliminary experiments 


sional endurance tests, using a very inte! 


special test procedure, were undertaken 0 


sized crankshafts for four-cylinder auton 


engines of three different designs. 


( 


ral 


pin diameters were 1°, in. more or less 


designs these were hollow bored, 


(Continued on page 100 
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OBSERVATIONS ON FLAKES 


SOMI 


LIN, France Numerous theories have 


) presented concerning the nature and 


LD 


f flakes, and in the final analysis, 
certain of them carry some weight of 

ne appears to offer a complete explana 
While the latest theories concerning the 


n of gas, particularly hydrogen, explain 


ena otherwise inexplicable, and al- 

the evolution of gas in a solidified steel 

the principal cause of flake formation, 

sitate to admit that it can be the only 

It seems to us that if evolution of gas 

vere the only cause of flakes, this defect would 
ch more common than it is. 


Stresses created by evolution of gas may 
itly be insuflicient to cause fracture, but 
s may still occur if thermal strains are also 
it or if local heterogeneities create zones 
ikness which are the starting points for 
il cracks. 
do not occur in various 


Flakes tvpes of 


ls with the same frequency and same dimen- 
the 
largest and most typical flakes seem 


s nor with exactly same appearance. 


' 
hie 


| _ 























ire 
l 


Types Ul and Ill 
Phe S¢ 


With ¢ 
Subject 


ooling Curves of 


Flakes Than 


Steels 
Vi re 


; 


; 
Te ( 


lupe 


the photograph; that is, tiny bright points up to 


1.0 mm. in average diameter. 


In steels that are subject to flakes, then 
diameter is considerably larger, sometimes 
reaching several centimeters (second samplk 


left). 


in fabrication larg 


from However, with proper precautions 


forgings can be made with 


high transvers« 


Very 


mechan properties, 


such as required by 
the French Navy for 
alloy steel pinions§ in 


reducing CCAS 
Another 


feature 


interest 


this 


Is 





nie 


Chromium-molvyvb 


lakes and Analogous Defects, Magnified 2 Diameters denum steels used for 
Very small spots resembling flakes found in steels only slightly s large forgings with 
C, 0.40 Mn, 3.0 Ni, 0.55° Cr O.1D CC. O30 Mo, and 
ke of - el CO 99 ; 9.7 0) r >= 
small size. Steel contains 0.22 C, 0.00 Mn, 2.7 Ni, 0.51 ( O35 to 0.60 Cr, show 
, ] 
f the ghost line is a round spol sfronglyu rese mobling a flake ’ O.%% ( le ss t nae ney to | ake Ss 
Vi, 048% Cr when made in an acid 
ey ; syaf > . . »- , 
pot with silvery area. 0.35 «, O40 Vn, 1.10 Ni, 0.41 Cl furnace; basic steels re 
ures almost always found in fractures containing flakes. 0.2; ( 1S 
Cr. 0.39 Vi quire much more care 
in forging 
Lhe fact cited by 
vor steels corresponding to the dilatometric Messrs. Musatti and Reggiori that flakes ar 


ng curves of Type II and II shown in the 
e above, that is, with a stepped or a sup 


sed transformation while cooling at an ay 


rate of 30° per min. between 1600 and 
On the other hand, flakes are found 
rarely in carbon steels and nickel-chro- 


structural steels corresponding to Type | 
When they do occur in the latter steels, 


take the form shown in the left sample in 


November. 


much more frequent mid-way than at the center 
against the effect of 

of 
this 


ol the pir ct is not evide nee 
inhomogeneities 
al 


chemical segregation and 


other kinds in the ingot, for it Is really 


point that unoriented dendrites and inverse seg 


regations are localized. 


On the other hand, it should be noted that 
very pure steels (from the standpoint ol phos 
phorus, sulphur and oxvgen) present a mark 
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edly dendritic primary structure, and this is 
reflected in the secondary structure by hetero- 
veneous distribution of carbon. For instance, if 
the secondary structure of a flaky Ni-Cr-Mo steel 
is developed after reducing to one-fifth the orig 
inal size by forging, quenching and tempering, 
polishing a section, etching with picric acid and 
show hetero 


magnifving 25 diameters, it will 


veneous sorbite a cloudy appearance clearly 


the 


viewpoint that dendritic segregation is an im- 


suggesting dendritic structure. Baboscin’s 


therefore not be 
for flakes. 


I believe the similarity to flakes of certain 


portant factor, should neg- 


lected in seeking a cause 


defects due to segregations should be pointed 


out. The central sample shows a rectilinear 


vein of segregations (ghost line) ending in a 


white spot which could be easily confused with 
a flake. 


steel not subject to flakes but containing a white 


The one next to the right end is of a 


dendritic spot having the same silvery shine as 
flakes have. 

Finally, a characteristic common to frac- 
tures of samples containing cither small or large 
flakes is that they are often accompanied by 
veometric figures related to the dendritic forms 
of the type shown in the last sample at the 
right-hand end. 

GEORGES Robert DELBARI 
Chief Metallurgical Engineer 
Anciens Etablissements Cail 


IMPROVED ‘TOUGHNESS IN 


QUENCHED ALLOY STEEI 


OSCOW, ULS.S.R. 
of structural alloy steels has been inves- 
the 


Research Institute for Aircraft Materials by my 


A novel heat treatment 


M 


tigated in the physical laboratory of 


associates M. F, Bessudnowa and L. E. Pevsner. 


In order to obtain the best combination§ of 


high strength and toughness these engineers 


quenched the metal from rather high tempera 
tempering. 
the 


consider 


low 
that 


increased 


and followed this with a 

Phere 
hardening 
ably above \c 
brittled 


pustitie dl 


tures 


persists an opinion when 


temperature is 
point, the hardened steel is em- 
but in some cases this opinion is not 
This can be concluded from much 
work already published. 

For instance, Chabachpasheyv and Sheinin 
showed that the impact strength of many alloy 
steels is not only unimpaired but is considerably 
increased by quenching from higher than usual. 


\ccording to these investigators, the increase of 


impact strength is explained by an iy 


amount of residual austenite which is 
composed during the following low te: 
Phey believe that the heterogeneous m 
residual austenite and transformed m 
vives the desired combination of high t 
and strength. 

detailed 
ened carbon steels by the magnetic met! 
Steinberg, Mikami) 


amount of austenite in 


Hlowever, investigations of 


Esser and showed | 
residual the qi 
hypo-eutectoid steels is not changed \\ 
creasing the hardening temperature, and 
the 


eutectoid steels does 


austenite in 
thre | 


crease in hardening temperature, it rea 


though amount of 


increase with 
maximum value and then decreases. 

According to still other workers (\M 
and Schroeter) the amount of residual aust 
remains approximately constant with 
the hardening temperatures even in the « 
the hypo-eutectoid steels containing a mor 
amount of alloving elements. 

In order to clarify this matter, we « 
out a detailed investigation of residual aust 
in four medium carbon steels of the foll 
with 


Nickel-chromium steels 


1.0 to 1.5% Cr: 


analvsis: 


10°, Ni and nickel-chro1 


molybdenum steels with 1.0 to 1.5 Ni, 0 


Oc { Mo: 


tungsten steels with 3.0 to 4.0°, 


r, 0.2 to 0.36 
Ni, 1.0 to 
Cr, and about 1.0°. W; and a chromium-s 
structural steel. The intensity of magnetiz 
at saturation was determined, which is p 
tional to the quality of ferromagnetic p! 

the specimen. 
did the 
with an increase of the hardening tempet 
1475 to 18300 F In other 


these allovs behave like plain carbon st 


} 


amount of residual austenite « 


in the range. 

An investigation of the impact stren 
these same steels showed a general incr 
toughness with the increase of hardent 
thre 


draw. 


perature, if oil hardened 


specintens 


viven a low Furthermore, the 


chromium-tungsten and nickel-chromiun 
m tl 


Nickel 


mium-molybdenum steel increased in to 


tlso showed this phenomenon eve 


hardened state before temp ring. 


with higher quenching temperature only 


the specimens were tempered at S00 to 10! 
thre 
tempering was nearly unchanged. 

Phe ON 


bye tween 


vel amount of retained austenite att 


curves on page show. thi 


impact strength, (Cont. on 
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nickel-chrom 


‘ 
| 


In none of the steels investigat 








. Size ano THE McQvuatp-Eun Test 


) S. France The question of grain size, 
| originated and has been extensively 
in the United States, has not been 
'in Franee. At the Acicries d’'Ugine, for 
the method of determining residual or 
aluminum in steel has been improved 
in extent that it is possible to detect 
ely percentages as low as about 0.010 
\ d by MeQuaid in his last paper, there is 
onship between the refinement of the 
ind the presence of aluminum so revealed 
e effect of the aluminum depends on the 
st f oxidation of the metal at the moment 
the addition is made, and varies with the 
facturing technique and the time of the 
for a given quantity of added alumi 
is effect on grain refinement will decrease 
‘ iddition is made in the ingot, in the ladle, 


the furnace respectively. lo obtain satis 


Pic TRON FROM PyRITE CLINKER 


{ i RIN, Jtaly The use of calcined pyrites 
is a raw material for the production of pig 
s a problem of special interest to Italy. 
the domestic consumption of iron and 
steel is rapidly increasing, and where large iron 
deposits are not numerous vet pyrite de- 
osits are abundant. The present production of 
calcined pyrites, a byproduct of the chemical 
dustries, corresponds to about 30°. of the 
onsumption of iron ore. About half of 
ron ore is produced by Italian mines, and 
remaining 20°, is still imported. It should 
iso be remembered that we consume a rela- 
Vv limited amount of pig iron, due to the 
that a great proportion of the steel is manu- 
red in electric furnaces, using mostly steel 

», much of it imported from America. 
uring the last ten vears calcined pyrites 


been used after desulphurization in some 


7 
n blast furnaces mixed with other ores. 
0 the highest grade of pyrite was used by 


sulphuric acid plants; desulphurization and 
s ring were done with two well-known proc- 
s: (a) the Greenawalt sintering process, 
a bottom layer of coarse and a top layer 

e particles of moistened iron-sulphide ore, 

ind fuel are spread on tilting grate bars, 

d, and burned under a downdraft suction, 

b) the Cockerill briquetting process, where 

ressed bricks of pyrite are calcined in 12 hr. 


factory results, the procedure must be such as 
to arrive ata known, low de vree of deoxidation 
in the steel so that a minimum amount of alu 


this re spect, the 


minum need be added li 
method of rapid deoxidation by puddling with 
the proper slags (described in my letter to Mevat 
Procress, February 1933) is apropos 

Other addition clements besides aluminum 
may be used to refine the grain, such as tita 
nium, vanadium, or tungsten, but their action ts 
not vet well known and their effects on the prop 
erties of steel cannot be regarded as equivalent 
Moreover, incorrect or premature generaliza 
tions must be avoided in the phenomena as well 
as In the definitions. Thus the terms “grain size 
and “abnormality” have been accepted in cul 
rent terminology with too absolute a meanin 
and too close a connection In fact, grain size 
and abnormality depend, for a given steel, on 
the conditions of mechanical work (rolling pro 


‘am) and heat treatment (Cont. on page 92 


; 
Ul 


in a 225-ft. tunnel kiln at a maximum tempera 
ture of about 2400) I In both cases desulphut 
ization was practically complete, and the 
technical results were good 

But the fact that our existing blast furnaces 
are located near their ore deposits, far from the 
chemical plants, so that the iron companies had 
to pay extra transportation for the calcined 
pvrites, made it difficult for this last product 
to compete economically with the other ores 

However, a very conservative estimate 
shows that, by the utilization of pyrites with a 
slightly lower sulphur content (such as could 
conveniently be used, if their calcined residues 
could only be sold in this country, instead of 
being exported to distant markets at prices 
covering litthe more than the transportation 
cost) the total iron ore requirements of Italy 
could be furnished from domestic sources 

It was also evident that a rational solution 
of the problem could only be obtained by erect 
ing special reduction plants, in places not too 
distant from the points where pyrite is calcined, 
and in industrial centers consuming — large 
amounts of iron and steel. The first of these 
plants, designed especially for the treatment of 
calcined pyrites, has now been in regular opera 
tion for many months, giving excellent results 
his plant is being enlarged, and will shortly be 
followed by others. It belongs to the large steel 
company Acciaierie & Ferriere Lombarde Falck, 


and is located near Milan, (Cont. on page 96 
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The author, who ts a member 
of the metallurgical staff of the 
International Nickel Co., Ine., 
at Bayonne, N. J., has made 


ment others 


AT 


Hk EFFECT of low temperatures upon the 
physical constants of metals has been an 
interesting and fertile field for scientific 
research for many vears. Recently, however, the 
rapid commercial development of air transpor- 
tation, domestic refrigeration, petroleum refin- 
ing and condensed, liquid or frozen gases has 
created a need for an accurate knowledge of the 
mechanical properties of metals at extremely 
low temperatures, so that the proper metal can 
be selected for critical parts in which failure 
would be devastating. 
lo date relatively few reliable data extend- 
ing to verv low temperatures have been gen- 
erally available, but a recent investigation of 
the properties of Monel at sub-atmospheric tem 
peratures in the research laboratory of The In- 
ternational Nickel Co., Inc., confirms the scanty 
data previously available in demonstrating that 
this alloy has outstanding low’ temperature 
properties. The results of this investigation, 
together with a survey of the literature upon the 


subject, are reported in the present paper. 
EXPERIMENTAL \VIATERIALS 
Several grades of commercial Monel were 


available. One heat was forged to 1!5-in. square 


bars; some of these were air cooled from the 


some tests to verify and supple- 
the literature, cold worked, either ¢ 
and finds that 
physical properties of 


the important 
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as cast o1 forged, an 


fected or are improv 


Vonel, peratures down to 1 


PROPERTIES OF MONEL 


LOW TEMPERATURES 


forging temperature while the others wer 
annealed at 1750 to 1800° F. in a cont 
furnace. (Both of these tempers ar 
used in low temperature applications.) 
different grades of cast Monel were also 
Commercially cold-drawn rod was used 
few impact tests. Finally, commercially w 
plate was tested. 
Analyses and room temperature 
properties of these various materials ars 
at the top of next page. It was noted t! 
room temperature, the elongation of U 
nealed samples was slightly lower whet 
in the 0.200-in. diameter section, than wl 


ety 


standard 0.505-in. bar was used, Tensil 


» 


of the annealed 0.200-in. test piece was 
psi., proportional limit 24,100 psi., elongal! 
2 in. 42°., and reduction of area 71 

Testine at Low TEMPERATURES 


Conventional testing equipment was 
lensile tests were made with the specim: 
crip ends immersed in the cooling m 
temperature was controlled during the 
adding fresh coolant as required. Tempe! 
were measured by copper-constantan 


couples and a potentiometer. At room t 


ture standard tensile specimens (2 
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505-in. diameter reduced sex Anal "OTS ana v4 90IN JeIMD 7% nStle Pr pe? 
re used. but to facilitate cool- = : 
specimens used at lower tem Wrought 
s were machined with 2-in. a t T 
th and 0.200-in. diameter re ee Muha | | : 
irpy specimens were notched a ; 
standard V-notch transvers¢ MAaNg 
ength of the wrought bars o1 , 
cimens; welded specimens sal 
tched parallel to the length of . - 
| test specimens were quickly Tensile Properi, 0 505-in. Specimen 
d from the coolant for testing Tensile St Te) e@) BES S ; ‘ Y 
e test was completed within e/a point 4,6 { 57,8 
seconds after removal, which as- 1EWD SEPENGE er ~ coe 6,5. 
. that the temperature rise during . ie ‘ ng ; : : 
is negligible. All specimens Set sensed Soda 
held at temperature 30 min. be- B al handing 
sting and generally duplicate or n 
ile specimens were broken. 
lest temperatures were attained by means temperature is progressively lowered, and thy 
32° F., ice and water; majority of those retaining high ductility at low 


following media: 382 


and calcium chloride solution; 


I 


ice 


alcohol and solid carbon dioxide: 


F.. liquid air. 
Phi table, effect 


w temperatures upon the tensile strength 


second below, shows the 


d ductility of the two tempers of wrought 


temperatures suffer from a relatively low level 
ol 


lent mechanical properties, which improve with 


Because its excel 


of mechanical properties. 


decreasing temperature, and its high ductility, 
which is retained unimpaired to very low tem 


peratures, Monel is an exceptionally economical 























M i. Room temperature properties are re- material of construction for low temperature 
d for ready comparison. Satisfactory equipment. 
quipment for measuring the strain of the re- Several independent investigations amply 
ed section while immersed in the coolant confirm the data reported above, as the tabl 
s not available but the vield strength may be on page 58 shows. The work of W. J. Dellaas 
cted to increase with the tensile strength. and R. Hadfield, reported to the Philosophical 
Both forged and annealed Monel thus in- Transactions of the Roval Society, 1933, vol. 232, 
about 50°. in tensile strength as the tem p. 207, demonstrated that the tensile strength 
iture is lowered from 70° F. to —310° F. vet and vield point of forged Monel continue to in 
completely retain their respective room crease Without impairing the ductility down to 
erature ductilities. A number of ductile temperatures at least as low as 23) 6. (only 
iterials, including some steels, are available 36° F. above absolute zero). EE. W. Colbeck and 
se at moderately sub-atmospheric tempera- W. E. Mac Gillivray’s data on proof stress sup 
but most of these become brittle as the port the former investigators’ vield point valu 
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Probably too great reliance should not be placed late cither modulus at any temperature 
upon the absolute values of the low temperature this range. The temperature coefficient 
proof stress and vield point, because of the ex- modulus in tension may be defined in 
perimental difficulties involved, but the upward two wavs, each derivable from the other 
trend with decreasing temperature is unmistak- we 
able. (Colbeck and Mac Gillivray tested an an 72 =< 
; - Fd 
nealed nickel-copper alloy of the following os 
analysis: Ni 69.585, , Cu 28.8657, Mn 0.28... Their or, le Je ~~ =n(T-7 
report can be found in Transactions of the In . 
in Which & modulus of elasticity of M 


stitution of Chemical Engineers for 1933, vol. 11, 
p. 107.) 

Finally, H. W. Russell tested cold drawn 
Monel down to 103 Kk. (See A.S.T.M. 
ALSM.E. Symposium on Effect of Temperature 


tension at the temperature 7 degrees Fal 
lr’ is higher than 7’. Similarly, the t 


i) 


ture coeflicient m of the modulus in 


defined as 


on the Properties of Metals, 1931, p. 186.) His N= — dG 

data show the hardness to increase steadily but yl . 

less rapidly than the tensile strength as the tem or, loge Sl = n{T-T7 
perature decreases. Metal tested had the follow- sid 

ing composition: 0.08%, C, 0.99°. Mn, 0.01 Si. Pertinent data are given in the table 
1.78‘. Fe, 28.85%. Cu, 67.87'. Ni. Since the temperature coeflicients ar 


All the data are given in the large table at tive the moduli increase slightly as the t 


top of this page. ture falls. As the table shows, the temp 


7 Modulus of Elasiictiy of M 
ViopuLtus or ELasticiry Modulus of Elasticity of 1 








= 
G. H. Keulegan and M. R. House Modulus io oe ns y 

man, working at the National Bureau of lemper | —— tor oe ‘ 

Standards, have recently determined the | At PROF | At-508 1990 2 ; 

temperature coetlicients of the moduli of a See Sean 4 

elasticity of Monel in tension and in tor In Tension 

sion over the range laa’ F. io —28° F. Anne3/eo 25,500,000 | 25,800,000 | - 4 

(See U.S. Bureau of Standards’ Journal Cold drawn | 25,500,000 | 25,800,000 | -16.5 » 

of Research, 1933, p. 289.) These coefli In Jorsron 

clents can be used in conjunction with phate 7, 400,000 as fee 

published values of the moduli to calcu- sesntcbactiees | Beane som cacatathct Retin 
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nts vary slightly with temperature; the 


nts given are the average coeflicients 


e range 


122° F. to —58 
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lhis brings out the important point that the 


seful alternating stress which can be supported 


1 long life is greater at 


temperature 


(,HARPY 


10° 6K, 


Impact RESISTANCE 


It is well known that many metallic 


terials having adequate tensile prop- 


ties cannot be 


used at low 


tempera- 


res because of low resistance to shock 


der these 


conditions, — It 


therefore 


than at 


ing liquid air. Microscopical examination sug 


gests that the variations noted above for the cast 
alloy are due to details of the cast structure, 
rather than to a real change in impact resistance 
with low temperature. 

The retention of excellent lmpact resistance 
at low temperatures shown by the above cast 
ings suggests that welds should exhibit the same 
Charpy tests and with 


behavior; experience 


commercially welded Monel plate show that this 


is, indeed, the case. Thus, butt welded “,-in 
plate (weld ground flush) having a_ tensil 
strength of 74,900 psi. and 30 elongation in 2 
in. across the weld gave (average of 3 speci 


mens) 78 ft-lb. at room temperature and 75 ft-lb 
at —310° F. 


slightly less than the scatter of values at 


Chis difference in ave race values Is 


any 
one temperature, 

Monel is 
as that of 


The impact resistance of welded 
thus of the same order of magnitude 


other well made Monel castings 











seemed desirable to determine whether 


Von l. 
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This retention of room temperature shock 


which was known to have excellent im- 
. retained this desir- 


ible property at much lower temperatures. The 


ippear below. 4 


data obtained on several grades of the alloy 


2° V-notched specimens were 


ised in all of the present work. 


2arpy Jmpact Tests on Monel 
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these data clearly demonstrate that, while 


ictual level of impact resistance depends 


the temper or grade of metal that is tested, 


form or grade of the alloy retains its char- 


stic level of shock resistance unimpaired 


mperatures at least as low as that of boil- 


Ne 


resistance at very low temperatures is independ 
ent, not only of the grade or temper of the alloy 
that is chosen, but also of the form of the notch 


used, as the 
by the author were made with the V-notch and 


above data make evident lests 


by Russell with the kevhole notch. 


THERMAL EXPANSION 

No data on the thermal expansion of Monel 
as the temperature that of boil 
ing liquid air to room temperature are available 
in the literature, in spite of the importance of 
An investiga 


is raised from 


such information to the designer. 
tion of the thermal expansion behavior of thy 
alloy was therefore made in the resear« h labo 
ratory of International Nickel Co., In« 


The annealed 1 in forgings which 


square 
supplied some of the tensile specimens pros ided 
the required specimen 4 in The differen 


tial dilatometer and general experimental tech 


long 


nique were described previously by Howard 
Scott in 7 ransactlions A SS | ‘ 192%. vol co. }) 
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Several properties increase with dec: 


temperatures, namely tensile strength, 





stress (and probably also proportional lin 
vie ld strength), tensile modulus, torsiona 
ulus, Brinell hardness and fatigue lif 
given load. 

At least three important values rema 
stantially unchanged down to very lo 
peratures: Elongation and reduction of 
the tensile test, and impact resistance: 

Leneth or volume of course decreas 
temperature drops. 

lo bring out these generalizations 
cally, and to indicate the rate of change 


cific properties with temperature, the fin 











ure has been constructed where the values 
been plotted in their relationship to th 
Thermal Expansion for Wrought, Annealed room temperature, 

Vonel, and Computed Temperature Coe/ffi In some applications such as certair 
cients for Various Temperature Ranges plane and nautical instruments, it is ess 


that the metal parts remain non-magne! 


quite low temperatures. Wrought regular 


829. The instrument we used embodied some ; 
ve af is non-magnetic at very slightly elevated 
modifications designed to improve the position- oy a re 
aT ; peratures, but becomes increasingly mag 
me © ¢ specimen, : 
, as the temperature is lowered (althoug! 
For the present tests the dilatometer was | ae it rect 
. ; ‘ ° , , miase Change is INVOIVed ale we Ces IS 
filled with liquid air; after a stable temperature , ble) hile {] 
; Iretyv. reversible white le regular Cas 
had been reached the dial was read and the 
=e becomes magnetic at about the freezing poi 
liquid air drained out. About three hours was nis ; 
water. However, the Curie point can be 
required for the specimen to return to room : ae 
ey ered by the use of suitable addition elen 
temperature even though a gentle stream of air ' : 
: —_ and an alloy can be produced which will ren 
was circulated through the chamber containing o 
; non-magnetic to temperatures at least as | 
the specimen as room temperature was ap "12 Fou M li 
; so . . . és - US ATOraIng a materia Su 
proached. The initial and final readings of the : — 
at os ' ' ce] for non-magnetic aircraft equipment and 
qgiat at room teniperature agrece precise we . : 
: ; : OwWePr-LOSS CLlecIricé achinery. Cold 
The construction of the dilatometer was lect um 3 
does not render such material magnetic at 
such that, to obtain the true expansion, the ex- 
temperature. 
perimental data required correction for the ex- 


pansion of fused silica over the temperature 





range studied. Because of the point of reversal 
in the expansion of silica at about —175° F. (this 
critical temperature appears to vary from lot to 
lot) the correction in the present instance was 
of the same order of magnitude as the experi- 
mental error, curves for observed and true ex- 
pansion coinciding to form the single curve 
shown, From about —200° F. to room tempera- 
ture expansion appears to be linear; at lower 


temperatures expansion was less rapid. 





Values for the average coeflicient of expan- 


sion for annealed, wrought Monel were calcu- 








lated from the data and are tabulated on the 


curve sheet at top of the column. , a ee 


The effect of decreasing temperature upon oan. 
Curves Showing Percentage Chang 
the mechanical properties of Monel may there- Properties of Monel as the Temperat 


fore be summarized as follows: 
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hor. who is metallur- and alloy steels notably, se- trained personnel, will produce 


yervisor of Bethlehem lection of raw materials, refin- satisfactorily in tonnage such 
R ) in Bethlehem, Pa., ing and deoxidation technique, specialties as ball bearing 
eral items of practice and pit practice. He believes steels, valve steels and magnet 
indispensable for the that these items of good prac- steels, ordinarily made in small 
on of spectal carbon lice, rigorously maintained by heats in the electric furnace 


OPENHEARTH 


MELTING PRACTICE 


\ rH OM AS G F O U L K ES 
i ben RE ARE TWO openhearth processes for scrap is scarce and the price is prohibitive, o 
inufacturing steel, namely, the acid and in districts where scrap is dear and pig iron is 
basic. Each derives its name from. the cheap. 
of bottom used, and this in turn governs 2. Another duplex process consists of melt 
haracter of the slag. In the basic process, ing the raw materials and removing the phos 
ses (of which lime is the most prominent), phorus from the metal in a basic openhearth 
edominate in the slag while the bottom is furnace and then transferring the molten metal 
ide of dead-burned magnesite, specially pre- to an electric furnace for the removal of addi 
ied dolomitic limestone, or some other re- tional sulphur and the final refinement and 
rv basic material. In the acid process, deoxidation. 
silica predominates in the slag, while the bot 3. A third duplex process consists of melt 
s made of clean sand containing only a ing the raw materials and removing the desired 
SI amount of clay and feldspar. There ar percentage of phosphorus and sulphur in a basi 
nber of combinations in addition to thes openhearth furnace and transferring the hot 
straightforward processes, four of which may metal to an acid furnace for final deoxidation 
entioned as having present importance in and refining. 
\ ca: 1 In the tripl X process molten pig iron 
The common duplex process, wherein is blown in the bessemer converter, thereby re 
| pig iron from the blast furnace is blown moving the greater part of the carbon, manga 
bessemer converter thereby removing the nese and silicon, the hot metal transferred to a 
5! r percentage of carbon, manganese and basic openhearth furnace for the removal of 
Su he resultant soft steel is then trans- the desired percentage of phosphorus and a por 
to a basic openhearth furnace (usually tion of the sulphur, and then placed in an ele« 
lilting type) for removing excess phos- tric furnace for further reduction of sulphur and 
s and sulphur, as well as for refining the the final deoxidation and refinement of the steel 
lhis duplex process is generally used in under special slags. 
having bessemer and openhearth depart- A brief statement of the main differences 
near each other and during periods when between the acid and basic processes may well 
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be given at this time as a matter of interest to 
those who are not intimately connected with 
steel melting processes. In the acid process a 
reduction of carbon, manganese and silicon Is 
obtained in the bath, but there is no essential 
reduction in the percentage of phosphorus and 
sulphur. This necessitates, therefore, the use of 
low phosphorus and low sulphur raw materials, 
except in the rare case where high phosphorus 
and high sulphur steel is being produced. 

Basic steel, due to the fact that there is a 
material reduction of the percentage of phos- 
phorus and sulphur in the metallic bath by oxi- 
dation and absorption of the reaction products 
in the slag, has the advantage of lower priced 
raw materials. 

In manufacturing basic openhearth steel 
there are possibly five classifications of steel, as 
far as their application is concerned: 

1. Rimmed steel 

2. Semi-killed steel 

3 Fully-killed carbon steel. 

1. Special quality alloy steel. 

5. Special analyses (not usually an openhearth 
product 

Since the author's experience has very 
largely been confined to the special carbon and 
alloy steels, furnace procedure and pit practice 
for these steels will be presented in some detail, 
noting wherein the various other grades of basic 


and acid steel differ therefrom. 


AVAILABLE Raw MATERIALS 


In the discussion of furnace procedure the 
subject of raw materials and their selection will 
first be presented. 

For use in the manufacture of special car- 
bon or alloy steel in the basic openhearth, pig 
iron should generally conform to the following 
specification: 

Manganese, 2.00° minimum 
Phosphorus, 0.35°> maximum 

Sulphur, as low as possible; it may contain a 
maximum of 0.06 provided the fuel is low in 
sulphur and the iron high in manganese 


Silicon, 1.25 maximum 


Manganese is listed at 2.00°° minimum to 
take full advantage of its desulphurizing action 
in the basic melting process. 

the phosphorus and sulphur restrictions 
assure satisfactory elimination of the surplus of 
these elements without undue loss of time or 
undue consumption of fluxes. 


With the silicon at 1.25°° maximum there is 





less corrosion of the basic furnace’s bank th. 
acid SiO, than if silicon in the pig is e 
ably above 1.25‘ Likewise there is les 
bility that the oxidized and rejected phos ru 
mav leave the slag and re-enter the st it 
as definite basicity must be maintained the 
slag to enable it to retain phosphorus. . 
additional reason for specifying 1.25 \ 
mum silicon there is the neutralizing r r 
ment in the basic process which necessitates 
increased limestone additions with silic 

tent much in excess of 1.25%. 

(In the acid process, silicon in ex s of 
1.79°o in the pig iron is desirable. Phosphorus 
and sulphur should be under 0.035°° each, due. 
as stated above, to the fact that there is prac 
tically no elimination of these elements th 
acid process, and due to the fact that some sul 
phur may even be absorbed from the fuel 

While it is not necessary to carry a 
mum of 2.00°° manganese in the iron when mal 
ing the cheaper grades of basic steel, it is 
generally agreed that it is economical to do s 
since such steel rolls better, by virtue of 
lower sulphur content. (A portion of this 
ment is removed by the surplus manganes 
In melting practice there is also an ady 
in the better working of the heat with this 
mum manganese content. 

While the above specifications for pig 
are highly desirable, consistent uniforn 
analysis is the most important requirem: 

While one of the advantages of the 
hearth process is its ability to remelt e 
cally the crop ends and other such serap 
in rolling and finishing, vet obviously no | 
properly operated will produce sufficient s 
to satisfy its own melting department. | 
necessary, therefore, to procure a substa 
portion of the scrap required from out 
sources, and a large American industr 
been built up to collect and supply this nm 

In the purchase or allocation of set 
special steels, selection should be made o 
basis of analysis and physical condition. \\ 
the analysis is not clearly known, samp!i 
that purpose should be done by an expe! 
inspector. The presence or absence of « 
elements in the composition will determ 
allocation; for example, steel scrap con! 
appreciable nickel would be desirable 
making a heat of nickel steel but highly 
sirable when a low maximum nickel co 
specified. Scrap for the acid openheart 


be low in phosphorus and. sulphur, 
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/ fron, Uniform in Composition, Is an 
Quality Steel. Photos by Van Fisher 


im allowable is dependent on the pel 
desired or permitted in the finished steel 
erally such scrap should not be in excess 
U.030°° for either of these impurities. 
he above comments on raw materials em 
size the importance of their proper selection 
s definite aid in the production of steel of 
d quality. The production of good quality 
steel without the aid of careful selection of raw 
rials, while of course possible within chem- 
limitations, is generally uneconomical. 
Limestone is a raw material having impor- 
functions in basic operations. It is highly 
ible that it be uniform in composition, low 
MgO and SiO,, high in CaO. The exact re- 
strictions on analysis of the limestone depend 
ommercial considerations, 
Selection of fuel depends on cost and avail- 
ty Chose in use are gas, oil or tar. High 
rilic value and low sulphur content are re- 
d. For example, in making some of the 
il analyses in the acid openhearth, with 
s the fuel, it is necessary that it have an 
tionally low sulphur content. When mak- 
igh sulphur steel such as screw stock this 
viously unnecessary. Even on the cheaper 


s of basic openhearth steel where oil con 


Not ember. 








taining a maximum of 0.75‘. sulphur can be 
obtained at not too great a premium, it is en 
tirely possible that the better rolling of the steel 
may make the use of such good oil desirabl 

As in the other raw materials, uniformly 
high quality is desired in the ferro-alloys em 
ployed. Reliable manufacturers produce ferro 
alloys of uniform composition and quality, and 
these materials should be purchased from such 


manufacturers 


NoTeEsS ON MELTING AND REFINING 


In charging the basic furnace approxi 
mately 10 of limestone is included on alloy 
and special carbon heats to provide the CaO for 
the required basic slag \ slag sulliciently bask 
in reaction absorbs phosphorus oxide and pre 
vents its subsequent reversion to the steel bath 
The lime likewise combines with other liquid 
products of deoxidation and holds them in the 
slag, thus cleansing the steel bath of such prod 
ucts. While this extra amount of limestone put 
into the furnace increases the time required for 
melting and thus decreases the furnace life, its 
use Is warranted in the production of high qual 
ity steels 

Slag samples are drawn at intervals durin 
the first three hours under heat, quick chemical! 
analvses made and their viscosity determined 
by simple test. Corrections may be made to thy 
ratio of bases and acid components, dependi 
on the trend of the test results, so that the sla 
will be in the proper condition during the re 
fining period with no delay and with minimum 
cost of additions such as ore, lime or spat 

Final deoxidation of the steel bath is of 
great importance in the production of special 
steels. The actual practice utilized in this stage 
is the one found to deoxidize the bath most 
satisfactorily, and the choice of deoxidizing al 
loy such that the products of deoxidation will 
possess ready fusibility and agglomerate ecasilh 
into sizable droplets. It is, of course, necessary 
that the deoxidation products rise to the sla 
and be retained by it in order that the steel may 
be cleansed of these impurities Phe use of 
14 ferrosilicon, silicon-spiegel or spiegeleisen 
is usual, either alone or in combinations. In one 
method the bath is permitted to come back to a 
boil after the first deoxidizing allovs have been 
added. Following this boil a second addition 
of a similar deoxidizing alloy is made to hold 
the carbon constant and further deoxidize the 


steel. Another method of final deoxidation cor 
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sists of making one large addition of silicon- approximately 10 min. before tapping 
spiegel to the bath, followed by whatever alloy addition would result in excessiv 
additions are necessary, without allowing the losses. These alloys are added in th 
metal to come back to a boil. rather than in the ladle to obtain mor 
After final deoxidation, the bath showing solution and dispersion, although fer 
proper carbon content, such additions as ferro- nese may be added in the ladle wh: 
chromium and ferromanganese are made and less important basic openhearth grad 
the heat tapped. In the acid process ferrosilicon is ; 
In both the acid and basic processes the al quently added in the furnace, sinc: 
loving elements nickel and molybdenum are losses are not so great as in the basi 
added in the furnace. Nickel is added as metal In the latter, however, ferrosilicon is 
ind molybdenum as ferromolybdenum or as a the ladle, which gives satisfactory unifs 
salt of molybdenum. These additions may be the normal silicon specifications. In | 
made at the time of charging the furnace or at con basic steels, re-ladling is advisabl 
any time during the melting or refining opera- the desired uniformity. If the ferrosili 
tions as there is practically no loss from oxida- added in the basic furnace, instead of t] 
tion. The additions are usually made early in the furnace banks would be badly corro: 
the heat program. there would also be greater oxidati 
Ferrochromium and ferromanganese are for silicon is readily oxidized. Phe 
added in either the basic or acid furnace late base to acid in the slag must be mainta 
in the heat program, the ferrochromium ap- sofar as possible, as its ability to abs 


he phi ~ 


proximately 20 min. and the ferromanganese retain phosphorus determines t 


tetion on the Furnace Floor! The tap hole has just been 
opened and the crew pulls the bar back out with a will 
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of the steel. This ability depends in 
maintaining a satisfactory minimum 
base to acid in the slag. By adding the 
on in the ladle, it enters the molten 
irawn off below the slag) without slag 
nee. 

wise, ferrovanadium is added in the 
Vanadium oxidizes readily and additions 
furnace would result in excessive losses. 
:dditions of ferrovanadium are also com- 
the acid process for the same reason, 
h it may be added in the furnace, as the 
. there are considerably less than in the 

irnace. 
both processes the percentage recovery 
illovs, as well as the quality of the steel 
ced, is dependent on the analysis of slag, 
ilarly the percentage of FeO remaining 
If the FeO in the slag 


«too high. the iron oxide in the steel will be 


al 


S tion at the time. 


spondingly high, percentage recovery of 

illovs will be low, and the difficulty of com- 
pletely deoxidizing the heat is greatly increased. 
On the other hand, if the FeO in the slag is too 
low there is danger (in the basic process) of 
phosphorus reverting to the bath. The old say- 
ing that 
sood slag” is still true. 


“to make good steel vou must make 


Pir Practice IMeorTant 


Well controlled furnace practice warrants 
equally well controlled pit practice. Steel of 
excellent quality may be tapped from the fur- 
nace only to be found inferior in later metal- 
lurgical inspection due to improper pit practice. 
Cleanliness of stools and molds into which the 
steel is poured is paramount. Protective coat- 
ings on the mold walls are necessary for the best 
results. Steel pouring temperature and tem- 
perature of the mold, as well as mold design, 
are important controllable factors in the pro- 
duction of quality steel. 

As the metal leaves the furnace, it is general 
practice in alloy and special carbon steel manu- 
facture to determine its temperature by an op- 
tical pyrometer, and to hold it in the ladle a 
definite time before “opening up” in order to 
teem at the temperature which has been found, 
by experience, to be proper for that particular 
g1 It is the author's belief that attention 

Ss will pay for itself in increased life of 
is and stools as well as in improved surfacs 
e rolled product. In order to be sure that 
olding time has resulted in the proper 


pouring temperature, additional temperature 
readings are taken several times during teem 
ing of the metal into the molds 

Big-end-up molds, with ratio of length to 
diameter and contours designed in accordance 
with plant experience and current engineering 
practice, are used for alloy and special carbon 
steel ingots. Refractory hot tops are placed on 
the molds so as to retain molten steel in such a 
sink head while the body of the ingot beneath 
is solidifving, and to feed contraction voids 
which would otherwise occur in killed steel 
Lhe protective coating for mold walls, referred 
to above, is usually tar, graphite, or aluminum 


paint. Without such coating there would be 


a chemical reaction between scale on the walls 
and the molten steel. The coating also prevents 
splashes of molten steel from adhering to the 
walls of the mold. The rate of pouring is also 
of importance, and is decided by plant experi- 
ence for the various grades of steel produced 
In fact, all factors in pit prac tice are given close 
attention in the production of quality steels 

Many manufacturers of the cheaper grades 
of killed steel are gradually adopting big-end-up 
molds equipped with hot tops, and more and 
more of the manufacturers of semi-killed steel 
are using some type of mold coating 

Grain size control is a much discussed sub 
ject of prime interest in connection with open 
hearth melting practice It requires tonnage 
production of steel, which will have a certain 
specified size of micrograin or fracture grain, 
either as received or after definite heat treat 


ment, as the case mav be. 


CONTROL OF GRAIN SIZI 
In general a “fine grained steel” is one 
wherein the austenitic grain grows very relu 
tantly as the time and temperature increases 
above the critical — especially during a normal 
carburizing operation One school of thought 
ascribes this retardation of austenitic grain 
growth to a fine dispersion of submicroscopi 
non-metallic inclusions, such as oxides. Others 
ascribe this retardation to the inherent proper 
ties of a solid solution of the deoxidizing el 


| he publishe d 


evidence is not conclusive to either view It is 


ment or elements in the steel. 


believed probable that a proper dispersion of 
submicroscopic particles fogether with a con 
trolled excess of the deoxidizing element in 
solid solution is necessary to obtain such a fins 


grained steel. 
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Grain size control or regulation does not 
mean the production of fine grained steel only. 
It is equally important to produce, when the 
requirements warrant, uniformly coarse grained 
steels. This is also grain size control. As ts 
well known, there are machining requirements 
definitely indicating the desirability of coarse 
grained steels 

Some of the existing limitations of harden- 
ability and analysis, specified by purchasers of 
steel products, compel the producer to furnish 
coarse grained steels, which frequently lack the 
toughness and other requirements of the part to 
be manufactured. However, it is recognized 
that in many instances the specified limitations 
as to analysis could be removed, making possi- 
ble the application of a fine grained steel meet- 
ing the hardenability requirements. This would 
furnish the purchaser the other general advan- 
taves of the fine grained steels, such as increased 
toughness, reduced distortion and reduced tend- 
ency to such troubles as quenching cracks and 
grinding cracks. 

Aluminum is the most common deoxidizing 
element used for controlling the grain size (ob- 
taining the desired degree of retardation of aus 
tenitic grain growth). In general coarse grained 
stecl may be obtained by a slight use of alumi- 
hum (or by its complete omission) while fine 
srained steel may be obtained by the use of con- 
siderably more aluminum. It is also recognized 
that other deoxidizing elements may be substi- 
tuted for aluminum in part. 

While this general statement makes the 
control of grain size sound much like an ex- 
trem ly simple operation, capable ol systematic 
arrangement in something like the multiplica- 
tion table, it is in fact far more complicated. 
There are a number of factors that affect the 
resulting grain size obtained by a definite addi- 
tion of aluminum, when such grain size is de- 
termined by any of the prevalent methods such 
as MeQuaid-Ehn carburizing test, the Shepherd 
fracture scale, or gradient quenching as recom- 
mended by Bain and his associates. Chief among 
these factors in openhearth practice are (a) de- 
gree of oxidation of the molten steel at the time 
the addition is made, (b) time and temperature 
effect on the loss in aluminum from the time of 
addition to solidification of steel. There are 
also other factors subsequent to solidification af- 
fecting the grain size, chief among which are 
(a) prior structure, (b) hot working practice, 


(c) cold work, and (d) testing technique — to 


mention but a few. 
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SPECIAL ANALYSES IN TONNAGC 






Earlier in this paper the author ref 





special analyses which are not usually my 





ered as an openhearth product. Sev 





analyses are (a) bearing steels, (b) inter 





alloy steels for high temperature app! 





(c) magnet steels, (d) automotive valy 





Until recently, such alloy steels ha 





considered as electric furnace product 





no doubt due to the following reasons: 





|. Cleanliness of material required 





2. Phosphorus and sulphur limits 





3. High melting point of these steels 





} Small size of orders 






Discussing these various reasons: 





1. Owing to the reducing characte: 





of slag that can be maintained in the « 





furnace it is possible to deoxidize the bat! 





easily. Yet it has been demonstrated repeated 





that with specially trained personnel and 





proper slag control and proper use of de 





ers, steel of these special analyses can bx 





in both the acid and basic openhearth ! 





which compares favorably with the ay 





electric furnace product. 





2. It is not possible to obtain as low 





tent of phosphorus and sulphur in steels 





by the openhearth processes as can be obt 





in electric furnace steel, vet these elem: 





be reduced sufficiently to satisfy most req 





ments if made in the acid openhearth 





cially selected raw materials. With = sp 





‘ 


selection of raw materials, and special 





practice, it is possible to obtain steel |! 





basic openhearth process, low enough in | 





phorus and sulphur not only to produce a satis 





factory product but which also approach: 





composition limits obtained in regular el 





furnace practice. 
3. Sufficient temperature can be obt 
in the openhearth furnace to properly mel! 
refine the above mentioned special analys 
1. It is possible, in the openhe arth p ss 
to produce these grades in larger heat le 
sulting in (a) less testing, (b) less variat! 
analysis and other conditions which ar 
acteristic of a given heat of steel, and (« 
manufacturing cost and selling price. 
In view of the above advantages, the 


believes that the manufacture of thes 





steels in the openhearth furnace Is a 4 
contribution to the art, because it should 
in a wider application of these analyses | 


mon articles of commerce. 
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LINDING HEAT! An inferno too hot for flame! 
VTophet! The focus of the nethermost pit, tamed to the 
will of man! \ layman's conception not far wrong, for 
one great advantage of the electric furnace is its stark. 


roaring. prodigious heat. 


Steel. the metal. is as ancient as civilization, and thos 
there are who hold that the old Damascus blades hav« 
vet to be matched. Nor will the Sheffield artisan relin- 
quish his belief that crucible steel, melted from clean 


iron, is the masterpiece. 


But the onrushing mechanical age needed steel. steel. 
more steel, cheap steel, steel soft and tough. Bessemer ’s 
steel in such tremendous tonnage that in less than a half- 
century the flaming converter had burned out the suit- 
able ores. Not to be thwarted. engineers built openhearth 
furnaces to refine the mountainous deposits of less pure 


ones. 


Kven then perfection was not reached, nor will it ever. 
(ne step nearer is the electric furnace. where. instead of 
pumping air through the iron to purify it. or bathing it 
with incandescent flame. thus contaminating it insidiously 
as we burn out its dross. we bombard it with electrons. 
infinitesimal particles of energy. very atom stuff, and 


excite it to swift reaction. 
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The big furnace awaits its charge. A heat of molten metal has been tapped. the 
bottom and banks repaired a evele finished. Electrodes, drawn up full height. 


clear the hearth so the charge of serap and flux can be piled in through the doors. 
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Of the several raw materials needed for alloy steel. 
two are metallic. First is carefully selected and graded 
scrap. heavy billet croppings and light trimmings of 
sheet and plate — for the main function of the electri: 
furnace is to take commoner steel. melt it under 
cleansing slag. clear it of dissolved and combined gases 
melt and mix in the alloys. These ferro-allovs, them- 
selves children of are furnaces. are in glittering iri- 


descent lumps. impossible to picture in printer's ink. 
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Iwo other requisites for electric steel are Mien and 


Heat. No robots for melters and helpers: they must 


wise to the wavs of their fiery pet. yet always 
quick to think and act when hell breaks loose. Robots 
for the heat control. pulling up and dropping 
lown the electrodes in an incessant oriental dance. 
wing out the flaming are. safely within the ca 
eity of supply and transformers... . Men, conquer- 


the concentrated energy of five thousand horses! 


November. 


1936: 


Page 





Almost any furnace in commercial production needs a mechanical 
charger. It’s impossible work to throw tons of metal into a furnace, 
too slow and wasteful of operating time and heat, as well as hard on 
door jambs and lining brick 


is in. 


Once the charge of flux and metal 
the doors are closed, the heat turned on and melting starts. 


The pool of gently boiling metal loses its impurities gradually to the 


slag, floating on top; carbon also changes slowly. 
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lo gage the course of these re 
actions, the furnace man takes 
small samples for chemical an 
alvsis. and he judges the condi 
tion of the metal by its fracture 
and the slag by its color and 


texture (Changes in metal and 


slag are mutual and inter-«e 


pendent they tell the same storys 


in entirely different language 
a“ polyglot for the chemust ta 


translate and the melter to read 


the first slag has absorbed phosphorus. 
and other impurities to its limit, it is 
ed (hot. careful work, this) leaving the 
clean for a second slag, mostly lime with 
erushed carbon and spar. Only for elec- 
eel is this double refining: only under the 
{ the are can such a second slag be melted 
cium carbide formed, a substance avid for 


phur and oxygen remaining in the metal. 


Action: \ shovel of spar 


vets to the exact spot. 
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iperheat is 
tal so it ean 
tly in the 
time. al- 
inclusions 
the slagey 


neg on top. 


Slag right carbon 
right. allovs im. final 


deoxidize rs a dl al ‘ d 





temperature rietit 

then the tap hole i 
opened. the furnace 
tilted. and tine steel 
flows out into the 
ladle below 





waitine 











Pit practice 


concerned will 
steelinto as hid 
Importance Vo 
been a life study 
clean: a powertu 
attends to this 
compound is spray 
lining the walls an 


outer surtace of the 


In the ladle-b 
nozzle. closed | 
foreman can 1 
will, thus cont: 
of metal whi 
First. howeve 
that the nozzk 
tered over the 
observer with 


checks a white rhe 











the beginning. once 


iddle. and once near 


three times at least 
nples are taken for 
mical analvsis and an 


check against orders. 


cast into ingot molds 
which may simply be 
os. or be metal cast- 
! sulating brick. These 
iolten metal. long after 

ingot has solidified. 
ny contraction cavity 
would appear below. 
covers the hot metal 


sand to check radiation. 








After the ingot 


solidified. and furt 


a temperature 

its contour and c¢ 
is stripped from 
head a «rane carr 
arm and two m 
which pick of first 
then loosen the 
mold ready to ents 
soaking pit HH 
ends. the story 
nace steel Subsequ 
have to do with tl 
of which the soakir 
introduction, for het 
temperature ts slow 
surface to center. 
ing a condition 
blooming mill. t 
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advance in the pro- molten metal comes in contact recent findings of studies made 
of high quality alloy Vr. Callinan, refractories engi at that place and in the plants 
ngs many problems of — neer in the research depart of cooperating firebrick mak 
gq technique, not the ment of Timken Steel and Tube ers, in @ paper originally pre 
which have to do with (o., Canton, Ohio, now outlines sented al a meeting of the Ohio 
tories with which the some of the requirements and Ceramic Industries Associatio 


REFRACTORIES IN 


THE 


\ D WW \ R I) 


Mi: FACTORS affecting pouring and 
1 teeming conditions in alloy steel produc- 
tion are important, and this has drawn 
ittention to the refractories used in these opera- 
lions. Much may be done te maintain the high 
quality in molten steel by the proper selection 
ind use of ladle linings, stoppers and hot tops. 
Non-metallic inclusions in the steel, originating 
from the refractories in the furnace, spout, la- 
dle, or mold will cause low cutter life and high 
tooling cost in the production of machined parts. 
Deeper seated inclusions will also cause lines 
of weakness or concentrations of stress in the 
product which may result in failure in service. 
\s a result, alloy steel producers are studying 
this problem, and with the cooperation of the 
refractories manufacturers, have gone far in 
overcoming its worst phases. They are more 
concerned with the quality of their steel as 
fected by refractories than they are with 
relractory service life and cost per ton. 
Molten slag and metal attack the refracto- 
ries exposed to them chemically (corrosion) and 
VY mechanical action (erosion). The materials 
Si posed must therefore have not only ample 


leat resistance but also the correct physical and 


November. 


POURING PIT 


chemical properties, even when the latter may 
involve some sacrifice of the refractory valu 

Probabiyv the greatest action occurs in thi 
ladle, because of the violent impact when th 
metal stream strikes the bottom, the turbulent 


currents and splashing as the ladle fills, and the 


sudden heat shock when hot metal rises in the 
relatively cold containe: Ladle design has a 
very definite effect on the life and utility of thy 
ladle refractories, and anv change in desi 

must be considered in the light of the effects il 


will have on the slag and steel and on general 
teeming conditions 
Attack of the refractory ladle lining is i 

fluenced by the chemical properties of the sla 
and steel, their temperatures, and the time thy 
steel remains in the ladle. Much of this abraded 
and corroded refractory material undoubtedly 
occurs at the nozzle. Here there is a combina 
tion of high velocity of liquid steel, a high pres 
sure generated by the ferro-static head, and a 
large contact area per volume of stecl. Design 
of the nozzle and stopper plays an important 
part here, since it helps to control velocity, tem 
perature and pressure, 


In teeming, the mold hot top and plug may 
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be subjected to severe impact and sudden tem- ness and allows the turbulent metal . 


perature change Solidification of the metal ox wash awav the grains, thus creating 


curs rather rapidly at the bottom stool and along inclusions. 


the sides of the metal mold because of the high Good practice in thre lining ot lac 


heat conductivity, thus giving included parti for uniform sized brick, medium t| 


cles little time to rise out of the metal. joints and proper use of such shapes 


and arches. Some operators have | 


Lapte Brick anp \IORTAR the use of high temperature cement | 
ordinary ground fireclay for mortar 





Most present dav ladle brick have a pvro- creased the life of the lining as muc! 
metric cone equivalent of cone 25 (2810° F.). and also reduced the inclusion count of 
Generally, they are made of rather siliceous 
clays, a typical chemical analysis of a ladle brick NOZZLE AND STOPPER SHAPES 
showing 66°. silica, 25‘. alumina, 1.5‘. iron and 
titanium oxides, and 0.4%. lime, the remainder Pyrometric cone equivalents of clay 
consisting mainly of magnesium, sodium and may range from cone 18 (2715° F.) to 
potassium oxides. Maximum firing temperature (S000° F.), cone 18 nozzle having a sof 
is about cone 5 (2200° F.), the firing schedule point around 24007 F. Almost all nozzles 
being closely controlled and progressing at a to consist of clay and a rather small | 
verv slow rate, this being of more than usual im- age of medium fine grog. They hav 
portance for a satisfactory product. The fired absorption of about 7 Cursory mic! 
brick are quite hard and dense, having a water examination does not show evidence of | 
absorption of 7 to 9 however, they do not rification but does disclose rather consi 
appear to be highly vitrified. These properties amounts of free quartz, well distributed 
are essential to resist penetration and fluxing by clay substance. Hard-burned nozzles and s 
slag and steel. are rejected by most steel plants since t! 

Vheoretically a 65‘. silica fireclay brick is a greater tendency to crack and spall 
entirely unsuited for basic steel ladles; a basic must be exercised during drying and firi 
brick would be better. However, magnesite ments that no warpage or deformation 
brick and basic or neutral rammed-in linings since an imperfectly shaped nozzle may 
have not been fully successful, since their higher affect the quality of the steel whic! 
heat conductivity abstracts so much heat from through it. 
the melt that a skull tends to form rapidly in the As all steel makers know, the s 
ladle. They also spall, while the author has teeming of a heat depends on the nozzk 
never Observed any signs of spalling of a regu- has two main functions, first to be an o 
lar ladle brick which has been entirely covered and to control the character and velox 
with slag or steel. The fireclay ladle brick seems stream of metal, and second to act as as 
to slough off as a thin laver during each pour, the stopper head in shutting off the flow 
the resulting surface being smooth and evenly when a mold is filled. 
eroded, If a clay-graphite stopper head has 

A regular, first quality firebrick does not used, examination after teeming will show 
vive as satisfactory service as does the more has retained its original shape almost pert 
siliceous ladle brick. It seems to wear more while the nozzle will disclose that th 
rapidly, probably because of its higher porosity head has been pushing into it and that s 
and lesser degree of vitrification, and tends to it has been washed out by the steel L hae 


t and pulling nozzle itself is in a pyro-plastic condition 


“peel off. the slag adhering to 
off a thin laver of the uncontaminated brick. long as it does not deform or flow too mt 


Breaks occur around the large grains of grog. result of the temperature or the fluxing 


This may be explained by the fact that fre- taking place, this plastic condition ts real 
quently the grog has been calcined to a temper- sired in order that the stopper will seat an¢ 
ature only sufficient to eliminate shrinkage at off the metal stream cleanly. A rather di 
the firing temperature. On exceeding this tem- balance must be maintained between sol! 
perature under actual service conditions, further by temperature and fluxing action of m: 
shrinkage of the grog occurs and it pulls away both the stopper and nozzle. If the s! 
from the clay. Phis produces a zone of weak- cither too hot or too cold, sticking may 
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if the stopper-head is of clay. Best heat conductivity, may develop a skull in the 


obtained when the two pieces do not nozzle well. 


same softening point. 


etimes only a partial shut-off is ob- 


d the steel slowly dribbles through. SLEEVES 


vy be due to faulty design of the nozzle, 


or the nozzle well, cracking of the 


xcessive erosion, insuflicient plastic def- vary from cone 26 (2895 


of the nozzle 

w the head to 
the seat, or for- 

of a skull in the 
vell. It is essen- 
it there be good 
contact between 
id and = nozzle. 
pieces must be 
inspected before 
ifter being set in 
lle. In some cases 
nozzles may be 
d by a specially 
ed cutting wheel so 
make a_ perfect 
area. If the in- 
is softer than the 
skin this grind- 
Hay expose soft 
il and produce 
difficulties, 

nv it essential that 


ozzl be fired cor- 


lhe nozzle must be 
{ in the ladle that 
vt will be abso- 
vertical. If not, 


stream will hit the 


It also exhibits a tendeneyv to build 





up and decrease the size of the opening 


’ 
STOPPER Rop 


Pyrometric cone equivalents for sleeves will 


.) to cone 29 (2975° F.) 
Usually they are more 
refractory than nozzles 
and have a higher wate 
absorption value, from 
Qto 12°.. This may be 
due to the fact that they 
appear to contain a 
larger percentage ol 
coarse grains. 

Since the stoppe 
rod acts as an arm to 
control the stopper head 
and also as a heat con 
ductor in removing heat 
from the stopper head, 
metal bolt, and pin as 
sembly parts, the sleeve 
bricks protect the rod 
from attack by slag and 
steel and also insulate il 
sufliciently to allow heat 
to flow up through it 
from the stopper \s 
the sleeves become thin 
ner, this important cool 
ing effect is decreased 

Sleeves are jointed 
with a high fusion, low 
shrinkage, flint bas 


_ 


clay and must be han 


of the mold before it reaches the bottom dled carefully avoid cracking at the joints 
. the bottom surface of the nozzle tip must Quite often an air-setting chrome cement is used 
ictly pe rpendicular to the nozzle hole, for to bond the bottom sleeve to the stopper head, 
ise the stream will be thrown to one side and in some ¢ setting fireclay cement is 
iv spray. Such conditions will decreas used in the sleeve joints If this is done, the 
‘ife of the molds and result in faulty ingot cement must contact the rod and bond the 
ces, for hot steel] spraved on the mold sides sleeve to it. becaus« sleeves expand IpPpProni 
lreezing before the metal in the mold can mately to ft. and adherence to the 
it will form scabs on the ingot surface, rod may caus« joints to break 
by increasing chipping costs and some- Hor Tors—Required qualities include: (1) 
s causing rolling difliculties. The original Maximum resistance to cracking from heat 
eter of the nozzle hole and its variation in shock, (2) resistance to attack by steel, (3) a 
is itis eroded by the steel is of considerable curate size and proper design, (4) insulating 
rtance for the same reasons. value, (5) freedom from materials which will 
Graphite nozzles with clay stopper heads produce a gas when the hot top is heated by the 
magnesite nozzles have not been used to metal, (6) light weight for easy handling 


large extent. Magnesite, due to its higher 
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Clay hot tops are usually made by extrud 





ing horizontally from an auger machine, or in been rounded to reduce chipping. Thi 


presses as in the manufacture of sewer pipe. been dished out to reduce the erosio; 
metal stream. They also have been capp 





After cutting to length they are dried and fired 


to about 2000° F. After firing they usually have sheet metal, either by forming the she 
a water absorption value of 8 to 11° and a pyro- the plug or by simply placing a piece « 
metric cone equivalent ranging from cone 18 steel over the plug. Both of these hav 


uy 
(2715° F.) to cone 28 (2950° F.).) As the bottom vantages, for the steel cap prevents a go oht 


mal 
edge of the hot top is partially immersed in the seal, while the loose plate will be washed 


steel the refractoriness, fluxing resistance, and as soon as the stream hits it. Experiment 
surface condition are quite important. It is de- been made with plugs having a metal 
sirable that this bottom edge be smooth so that 


a dense, smooth, minimum surface area will be desirable 
seems to offer very satisfactory results, 


fastened to them, which eliminates the t 
features previously described 


exposed to the steel. 


A hot top for a 19-in. round mold will weigh plate remains in place and the plug is not 
approximately 110 Ib. Recently, lighter tops, or spalled. 


weighing 70 to 75 Ib., have been made by intro- In this, as in other features of pit ref: 


ducing coal, sawdust, or other materials which ries, much work still remains to be done in s 
will be burned out during the firing operation. 
These lighter tops are cheaper to handle and steel. This is going forward in the laborator 
of steel plants and refractories manufac! 


ing the problem of non-metallic inclusions 





control better the pipe in the ingot, since they 


are better heat insulators and have lower heat and important advances are being made. As rv 


capacity. Such tops will stick to the steel if marked at the outset, steel producers are c 


open pores are present on the inner surface. stantly seeking means of improving the qualil 


Papered cast iron tops lined with firebrick of their product and particular attention is bx 
or insulating firebrick are now being rather centered on the broad subject of refractori 
widely used. The taper reduces the amount of furnace linings as well as pouring pit mate! 


steel in the top from 10 to 15°, and the lining, 

being a better insulator, is more eflicient in re- 

ducing pipe. The brick lining ts coated with a 

special slurry (graphite base refractory) to pre r y 
vent penetration of the steel and allow them to Y OUT N CW 
be removed from the ingot more easily. These 


ops are performing satisfactorily both from the 
itiwmiakata. §= 6 =6\ememibek Vs Ready! 


standpoint of steel quality and of costs. 


If vou have not exchanged your old M 


Clay plugs have a pyrometric cone equiva 
. ‘ ® ’ s a“ , a) ( 4 ) 
lent ranging from cone 25 (28100 F.) to cone 28 Handbook for the sparkling new 1936 Ed 
(2900) F.), and absorption varving from 7 to 
. vou are working wi » | t inform 
10) Pheyv are made of a clay grog mixture and you are working without the lates o 
hard tired. Llowever, they must not be too highly 
Beek a on manutacture, treatment and use of met 
vitrified or a shell of material will break off 
when the metal stream strikes them. They must on 
Mail vour 1933 Handbook today to this o 
be accurately sized so as to make a good seal at 
the base of the mold. Surfaces must be smooth Of L.2te: 

) The enlarged 1936 Edition will be sent t 
with no rough edges, fins, or loose sand, and the 
firing or forming must not develop ; ; 

ee 2, Aaa t le elop a skin or immediately free-of-charge and postag 
laminations which will spall off. When fireclay 
inclusions are found in steel quite often they 
may be concentrated in metal from the lower 
end of the ingot. Hence it is believed that faulty AMERICAN SOCIETY FOR METALS 
i are . . » chief [AE P oman : : = . = " : 
plugs are one of the chief sources of inclusions. 7016 Euclid Avenue Cleveland. O 
Various schemes have been tried to render 


plugs more serviceable. The upper edge has i 
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DISTORTION is one of the greatest troubles encountered 
in carburizing steels. Moly —“industry’s most versatile 
alloying element”—reduces distortion after heat-treat- 
ment to a predictable minimum. Case example: In a 
Nickel-Moly sleeve of 4-ft. diameter and compara- 
tively thin section, the maximum distortion was less 
than .015 in. 

Moly carburizing steels also take a greater and 
more uniform depth of case in a shorter time. The 
case retains its hardness at higher operating temper- 
atures. And both case and core are tougher and have 





MOLY carburizing steels reduce distortion 


a better bond. Are you fully acquainted with the 
many-sided qualities of Moly, particularly toward 
the better and more uniform heat-treating of steels? 
Our book, “Molybdenum,” contains a wealth of use 
ful technical knowledge. Write for it. Also ask us to 
put you on the mailing list of “The Moly Matrix.” our 
periodical news-sheet designed to help alert engi 
neers and production heads to keep abreast of iron 
and steel progress. And, if interested in solving some 
difficult ferrous problem of your own. be free to enlist 
the facilities of our experimental laboratory. 


CLIMAX MOLYBDENUM COMPANY, 500 FIFTH AVENUE, NEW YORK CITY 


PRODUCERS OF FERRO-MOLYBDENUM. CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 
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Clark © has been W. B. Thompson 6. 


. . YT ’ Walte H. 
P K R S O N A - S wine talon fist of Cleveland assistant to the genera 


Pneumatic Tool Co. He will also of Shawinigan Chemi 
continue in his former position as Stainless Steel and Al] 
J. W. Weitzenkorn & has be- metallurgist for Cleveland Rock sion, has been transfer R 
ome associated with the Ohio Drill Co Catharines, Ont., as ma 





Ferro-Alloys Corp., Canton, Ohio, the Ontario office 


is director otf research J. R. Gordon S$ has severed his Waltl I 
alther H. Mathesius 


connection with the Ontario Re- sts 
& Trustee Mathesius, is e: 


Joseph T. Somers has been search Foundation and joined the 
elected president of Wyekofl research department of Interna- it the U.S steel Corp. R 
Drawn Steel Co. succeeding the tional Nickel Co. of Canada, Ltd.., Laboratory, Kearny, N. J 
ate Col. A. W. Wvyekofl Copper Cliff, Ont William E. Crocombe | 


elected vice-president ot 
can Brake Shoe & Foundry 


J.S. Vanick &, a membe: 
Development and Researe! 
sion, International Nickel 


te | 


will visit several South Am 





Stuart Pils cS i 


FORTHE TOUGHEST METAL WORKING CONDITIONS months, accompanied by | * 


Feely, representative of the 
pany in South America. They 


A New Development te | 
offer consultation service 
Worthy of Careful Investigation ! nickel alloys to executives 


% engineers. 
Stuart toy 1 west time cael 


The Welding Engineer, has be 





appointed development dire 


of the National Electrical Man 
facturers Association’s newly es 
tablished Electric Welding Dx 


velopment Section in Pittsburg 
THE MODERN GRINDING LUBRICANT i 
THE MODERN SOLUBLE CUTTING OIL copeaiink a Umeiedl 
has been elected president 
company. Robert J. Whiting 
formerly superintendent in ch 


New Because: 


of all manufacturing, has | 


elected \ ice-president 


Lester M. Curtiss has been 
moted from superintendent 
production to assistant ge! 


superintendent, Lukens Stee 


O. W. Winter & is now 
trial engineer for hent ©) 
Machine Co., Toledo, Ohio 


R. P. Wray @ has transt 
from the Duquesne Works 
Carnegie-Illinois Steel Cory 


OP OA ee BB (ter States Stee! Corn, 


ESTABLISHED I865 search Laboratory, 
CHICAGO /~_ U.S.A. A. H. Lewis @ is now emp 
Warehouses in Principal Industrial Centers by the Dominion Engineering 
Ltd... Montreal 
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THEY'LL FIGURE ALL WEEK 


VW N you’re turning out a 
product by the hundred thou- 





t on production quickly runs 
portant money. No wonder 
rs, designers, and shopmen 

the midnight oil, sweat over 

d means to trim costs. 

these round-table discussions 

gl -Illinois Controlled Steels 
tting increasingly important 

leration. For it 1s now a 

rof record that these steels are 

plishing remarkable savings. 
e plant, for example, they 
! a steel that would give un.- 


Distributors 








, a saving of even a fraction of 


CARNEGIE-ILLINOIS STEEL 


Columbia Steel Company, San Francisco, Pacific Coast —_ 


form response to heat treatment, 
that would forge readily, machine 
easily. They gave Controlled Steels 
a trial. Costs dropped--not one 
penny ...not five cents... but 7S¢ 
per part and their production runs 
close to a quarter of a million parts 
a year. 

What are Carnegie-Illinois Con- 
trolled Steels? Bric fly, they are 


Controlled 
STEELS 


Pittsburgh [bea Chicago 


sm) 
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United States Steel 


Export Distributors 


steel ror rorging. | 


treating al d mach ning, 
quality factors can he 
pre-determined . . . steel 
the physical property 
( istently uniform in 
attet hipment scientin 
lurgical control elimut 
‘mysterious differen 


make 1t so dithcult to 


form results with ordi 


It costs noth ing to nil 


thev may be used to cut 


bills or reduce mur fabri 
We welcome the opportul 


cuss this important matt: 


CORPORATION 


Products (Company New York 


to save a Penny. 





ity to di 


I with you 


UBS Gs be Om Dr es Wy, Oe Be 











PERSONALS 


Wilson Lynes @ is metallurgist 
with Henry Disston & Sons, Ine 
Philadelphia 


Peyton R. Russell @ has joined 
the general metallurgical staff of 
Republic Steel Corp. in Massillon 
specializing in pickling and coat 


ing practices 


X 


G. Vernon Eads @ has becon 


associated with the Commercial 


Division of Carnegie-Illinois Steel 


Corp., Pittsburgh 
John B. Edwards @ has wa 


cepted a position in the Develop 
ment Division of the Electro Met 
allurgical Corp 


F. Karl Hansen @ is now in the 
Metallurgical Department of the 
Steel 


Carnegie-Illinois Corp 


Pittsburgh 


4IMET 


for 


Heat and Corrosion Resistance 


Cast Cimet is a low nickel, high chromium-iron alloy especially 


suitable for sulphur-bearing fuel applications. 


to heat, corrosion, abrasion and many 


as sea and mine water. 


It is resistant 


acid conditions, such 


Applications: Pump parts used under acid conditions: 
radiant tubes and support brackets, oil burner parts, walking 


beam furnace shafts, normalizing furnace parts, roller shafts. 


etc. 


DRIVER-HARRIS COMPANY 


Harrison, New Jersey 


Chicag: — Detrort - 


Cleveland 


— England — 


France = Italy 
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engineer. 





J. H. Zimmerman @ has t the 





Massachusetts Institute of Tech 
nology teaching staff | ike 
charge of the Newark ID , 
ment Laboratory of the Li . 
Products and associated 
nies 

John F. Robb ©, metallurgices 
engineer for Climax Moly! un 
Co., has been transferred fron 


the Pittsburgh to the Canto 
Ohio, office 


Gordon McMillin @ has joined 
the Buckeye Traction Ditcher Co 
Findlay, Ohio, as metallurgist in 
charge of control of metals 


G. M. Van de Water @ has left 
the employ of Metals 
Oakland, Calif., to join 
American Manganese Steel Co. as 


General 
Corp., 
metallurgist in Los Angeles 


George K. Minert ©, formerly 
metallurgist for Illinois Malleable 





Iron Co., has been made meta! 
lurgist in charge of melting fur 


naces, Gunite Foundries Corp 


F. O. Farey @ has opened a 
testing laboratory under the na 
of Frank O. Farey Laboratories 


in Montreal. 


George J. Foss, Jr. @ returns t 
the University of Notre Dame as 


graduate assistant in metallurgy 


R. K. Wells @ has transfer 
from the News Ship 
building and Dry Dock Co. to the 
office of the Inspector of Nava 
Material, Munhall, Pa., for study 


at Carnegie Tech. 


Newport 


Ernest Stueckler @ is employ 
as mechanical engineer with | 
Wald Manufacturing ©o., May 


ville, Ky. 


Andre Hone @ is now assist 
to the technical 
Aluminum Co., Ltd., Montrea 


director ol 


T. J. Dunn @ has been tra 
ferred by the Worthington Pu 
and Machinery Co. from the 


spection Department, Rock |! 
Division, Harrison Works, to ! 
Mining and Construction Divis 
in the Buffalo District as ser 








HENOMENAL in any year, 500°; was 
an incredible return in the early 
1930's! But here are the facts... 


In 1928, a world-famous roller-bear- 
ing company invested $1,700 in Johns- 
Manville Insulation. Fuel savings the 
first year were $9,000—a return of well 
over 500°.. And each year thereafter, 
this insulation has paid for itself many 
times over. Savings to date total more 
than $50,000. And the insulation is 
still in service. 

Impressive. But more important—it 
is typical of many similar performance 
reports on record in our ottices. Con- 
clusive proof that most plants— perhaps 
yours—can collect comparable ‘‘divi- 
dends”’ by preventing heat losses. 


And you can estimate your ‘‘divi- 


but through it all, this investment 
continued to earn 500% yearly 


dends’’ withamazing accuracy— before 
you lay out a penny. Measuring the 
potential efficiency of insulation is an 
exact science with J-M engineers— 
they've 75 years of research and ex- 
perience to draw on. 


Naturally, these virtually guaranteed 
“dividends”’ are possible only when the 
insulation is right—in kind, amount 
and application. 


Send for our Industrial Products 
Catalog. In addition to giving detailed 
information on all our insulation, it also 
covers the entire line of other J-M in- 
dustrial products that contribute to in- 
creased plant efficiency, lower produc- 
tion costs and maintenance charges 
For your copy, write to Johns-Manville, 
22 East 40th Street, New York City. 


JOHNS-MANVILLE 
INDUSTRIAL INSULATIONS 


YEARLY RETURN 
242% 


PU a ee 
Chicago Malieable 
Castings Co., West 
a ee 
with J-M Superex and 
Sil-O-Cel in 1929 ata 
cost of $345.35. Net 
annual fuel saving, 
$876.56. Return, 
242% yearly. 


YEARLY RETURN 


418% 


Regenerators and 
fives of open-hearth 
furnace in large Ohio 
steel foundry insu- 
lated with J-M Sil-O- 
Cel in 1927. Cost, 
$2,763.80. Net an- 
nuel fuel saving, 
$11,579.85. Return, 


418% yearly. 


Here, Johns-Man- 
ville Insulation, 
costing $1,700, 
saves $9,000 an- 
nually; @ ‘'divi- 
dend’’ of 541%. 


SAVINGS TO DATE, $20,00 


Rotory kiln at the plant of the Penns 
vania-Dixie Cement Corporation, Clinc 
field, Ga., insulated with J-M Super 
Blocks in 1929 at @ cost under $4,00 
Fuel savings to date, $20,000. 





























PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell How 





For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in our 
bulletins S-22 and 5-30 

For testing rubber our bulletins R-4 and R-5 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing. ete.. 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use 





A selection from this line will definitely meet with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. & Carll St. Jumaica, New York, N. Y. 

















CRUCIBLE STEEL COMPANY 
ALIQUIPPA, PA. 
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SIZE 


GRAIN 










(Cont. from page dd) such as temperatu: T 






tion and speed of cooling. The pa 





meaning attributed to the expressions 








un 
size of steel” and “grain growth in steel” ld 
be remembered in order to avoid conf 

The term “grain size of steel” was { lim- 





ited to the austenitic grain, the gamma 





hot metal, the element of which is the indi lual 






crystal of the gamma solid solution existip 
above the transformation points of the steel 
However, there is also the alpha grain, the frae- 





ture grain and the pearlite grain in ordinary 





steel at atmospheric temperature, whose rela 





tions with the austenitic grain are complex and 





not very well known. This before-mentioned 





austenitic grain could be easily defined if it 





could be observed and measured while the s| el 





is hot, but since it disappears when the steel! is 





cold, it can only be known indirectly from th 
fact that, under definite conditions of treatment 
there is a hereditary relationship between th 
structure when cold and the original austenit 

The number N of austenitic grains per unil 
of surface in any cross section of the meta! 
varies inversely as the avera 


ge grain size, and 





the latter may be estimated by the formula 
G 1 VN*. Ordinarily the classificatio: 
grain size is made according to the terms 
geometrical progression of ratio 2. 

For a given heat treatment, grain si 
pends on the steel, particularly the method 
manufacture; on the other hand, for a 
steel, grain size depends on heat treatment! 
is to say, the temperature 7, and duration 
heating. In all steels the gamma grain ts 
immediately after completion of the a— y t 
formation on heating, and then at the temp: 
ture 7’ where superheating begins, some 
grow at the expense of neighboring ones 
this continues until a temperature 7”, at w 
all the fine grains have disappeared. 

For a given length of heating /, all 
have a temperature or superheat interva 

7’, sometimes very narrow, below whic! 
grain is fine, above which it is coarse, and W 
which the grains have variable dimensions 


are designated “mixed grains.” In other w 
, 
the curve N -: fir. {.) possesses two Cc! 
° 
values for 7’ and 7” with /, constant. 


(Continued on page 94) 
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firplane photograph of City of Cleveland, with National Metal Exposition 


ringed in white. Flown and photographed by H. H. Harris. 


Congratulations A.S.M. ON THE 1936 CLEVELAND SHOW! 
THE FINEST SHOW TO DATE BY A WIDE MARGIN! 


It’s great, growing up with A.S.S.T. and 
\.S.M. And particularly going down the 
hill—over the bumps and—now —climb- 


ing for new altitude records. 


General Alloys has been the largest alloy 
casting exhibitor for 17 consecutive years 

T. and A. S. M. Shows — good 
times and bad. During this period we've 
used more paid advertising in A.S.S. T. 
ind A.S.M. publications than all com- 


petitors combined. 


the 1936 Show proved beyond any doubt. 


the vision, resilience. resourcefulness 


of American industry, of American met- 


allurgy. 


The 1929 Show wasn’t in it for quality, 
quantity, or technical progress. General 
Alloys is proud to travel with such a 
crowd — proud we didn’t drop out with 
the also rans who are now climbing back 


on the band wagon. 


The footprints of General Alloys became 
the path of an industry — and—mark ye, 
reader — General Alloys is on the march. 


CRetete ue 


a A 








ST ST. ‘ v y | von © OFFICES 
As. GENERAL ALLOYS COMPANY © ob:sce 


ampaign 


ND LARGEST EXCLUSIVE MANUFACTURERS OF HEAT AND CORROSION RESISTANT CASTING 














TRY A DETREX DEGREASER 


You 


~~ 


be the Judge! 


Iry a standard, gas ol 
steam-heated, Detrex De- 
greaser—-in your plant, 
m your production for 
three weeks. without 
capital investment. 


The great saving in your 
cleaning costs, with bet- 
ter quality of products, 4 
will thus be proved. Gas Heatep Detrrex DEGREASER 





See how simply and efficiently this degreaser removes 
oil, grease, drawing compounds, etc., from all kinds of 
metal products. It is preferred prior to heat treating, 
rust proofing, finishing, and inspection. 

You then make the decision, regardless of test results. 
his trial offer is made because of our experience with 
hundreds of satisfied customers—using Perm-A-Clor and 
friad Safety Solvents in Detrex Degreasers. 

rELL US WHERE TO SHIP YOUR TRIAL UNIT. You 
only expense will be the low transportation charges, 
and the solvent used on your production. 


DETROIT REX PRODUCTS CO. 


13019 HILLVIEW AVE. DETROIT, MICHIGAN 
Manufacturers of Triad Alkali Cleaners and Strippers 
New York Office: 130 W. 42nd St. Chicago Office: 201 N. Wells St 








| C0) 0) 2 
Heck (nearer 


For Bluing, Blacking, Anneal- 
ing, Hardening. Case-harden- ‘ 


ing, Re-heating and Spheroid- 
HO LDEN izing. Carbon Steels, Stain- 
less Steels, High Speed Steels 
The entire range of heat treat- 
HH ¥ E S p E E D ing requirements. Working j 


temperatures from 275 °F. to 
2500 °F Shipped in steel 
C A S £ drums of 100 or 250 Ibs. ca- 
pacity 
REPRESENTATIVES 


A new product Mr. R. C. Jordan, 18th and 

f Hi b S d poe Ave., Philadelphia, 
enn 

or ig pee ~*~ Cc . Vincent,1627 West 
ort Street, Detroit, Mich 

Steels. Mr. L.R Titcomb, Mr Calvin 
Brown, 1500 So. Western 





. Ave., Chicago, Ill. 
Increases tool life Me —_ H. Johnson, Birch- 
A Hol 
from two to ten + ve., olbrook, 
2 Mr. F.C. Holmgren,137 War- 
times. i wick Ave., Stratford, Conn 


Mr.T_N. Holden,1219 Glen- 

: . ; wood Rd., Brooklyn, N.Y. 
Write for New De- Me AF. Blackwood, 1360 
iialaiaitata os ifton, Cleveland, O. 
criptive Bulletin Mr. Frank Coupal, 51 Wood- 
werd Ave., Buffalo, N. Y. 


A.F. HOLDEN CO. 


METALLURGICAL ENGINEERS 
NEW HAVEN * CONN. 
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GRAIN SIZE 


(Starts on page 55) 


there are actually no steels specifically fin, 
grained, mixed grained or coarse grained, this 
condition depending on the annealing; all steels 
may belong successively in the three categories 
and classification according to a given tes 
depends on the interval of superheat 7”°—7 
as it is related to the conditions of the test 


just as the practical significance of the test cd 
pends on the relationship between the di 
tions of test and the conditions of use. 

The test generally used is the McQuaid-Elhy 
carburizing test, in which the grain is conven 
tionally defined as that in the hyper-eutectoid 
case after carburizing for 8 hr. at 1700° F. in 
solid carburizer and cooling in the pot, this 
taking from 20 to 25 hr. 

Although this test is carefully defined as t 
operating technique and is very convenient for 
evaluating N, its significance is limited. First 
it presupposes that carburization does not 
change the grain size, which is not always true; 
second, it neglects the influence of prior treat 
ments, either thermal or mechanical; and third 
it gives only a relative indication of the relatio 
of the interval or temperature of superheating 
to the chosen temperature (1700° F.) and dura 
tion of the test. In other words, only one point 


, 
of the superheating curve N fa ) is ob 


‘ 
tained for the value ¢,, and this hardly seems 
sufficient to characterize a coarsening tendency 

Thus this test is not really sufficient to dé 
fine exactly the influence of addition elements 
particularly those inhibiting grain growth, suc! 
as aluminum, titanium, vanadium and tungsten 
It is necessary to study the influence of the a 
tual content of addition elements on the supe! 
heating temperatures 7” and 7”; this informa 
tion can be given in the form of two curves 
presenting critical values. Likewise the effec! 
of mechanical treatments must be studied 

Finally, grain growth, or coalescence 
austenite, must not be confused with abnorma! 
itv, or coalescence of cementite. For instance 
the addition of aluminum refines the grain a 
makes the steel abnormal, while the additior 
vanadium likewise refines the grain (when add 
in amounts five to ten times as large to ob! 
equivalent results) but does not make the s! 
abnormal. 

ALBERT PorTEVID 
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I am YOUR REPRESENTATIVE in this organ- 


PT A-V ele} «Ma MoMMeololeS lob ba ¥-ba-Mreh tb ole t-te Obh50-1- Mince lB a) als l-) 


the utmost in SERVICE to you, is my specific task. 


(lh ga 7 ‘ 
WIE, YL, Wry, y] Corporation 
oe he (, hiv 


November. O50 

















MODERN ELECTRIC 
High Speed Furnaces 


with 


Complete Atmospheric Control 





coree Poomnca CB 
eoeres, MASS 


QO 


When the United States Navy buys 
high speed electric furnaces, they buy 
“AMERICAN” because . . 


“AMERICANS” Have:- 


The one Atmospheric Control that is 
definitely proved. 


Uniform temperature distribution with- 
out dark corners or cold hearths. 


An unmatched record of success at 
leading industrial plants. 


Exceptionally low operating cost. 


BUY “AMERICAN” 


isk for information today 


American Electric Furnace Co. 


30 Von Hillern Street Boston, Mass. 


ill Types Industrial Furnaces 
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Pig $4 


(Continued from page 55) in a region w 
chemical industry produces large quant 
calcined pyrites, and where the dem 
iron and steel is very heavy. 

he low cost of electric power, prod 
the Alps nearby in hydro-electric powe 
owned by the same company, rendered | 
of electric furnaces advisable in every 
However, as is well known, the results o! 
so far with electric furnaces for the red 
of iron ore to pig iron have been satis! 
only in special cases. For instance, th 
trometall” furnaces have been successfully 
only in Sweden, where power and chare 
both extremely cheap; serious troubles 
arisen when the same furnaces have bee! 
with coke as a reducing element. 

Acciaierie & Ferriere Lombarde hay 
designed after many large-scale experu 

a completely new type of electric red 

furnace using coke. It has given entire 
faction, both from the technical and econom 
point of view. 
capacity of 6000 kw., on three continuous « 
trodes, and are equipped with special di 
for the complete recuperation of gases 

The calcined pyrites, when sintered 
Dwight-Llovd plant (similar in principl 
Greenawalt sintering machines, although 
grate bars form a continuous moving cony 
have a residual sulphur content reaching 
sometimes exceeding 0.6%. Therefore an 
cient process of desulphurization had to b« 
furnace itself 


formed in the reduction 


process finally adopted for this purpose is ba 


Its efh 


judged from the fact that the sul 


on the formation of sulpho-silicates. 
may be 
content of the large quantities of pig iron | 
duced ranges between 0.005 and 0.06 
Under the special conditions prevailil 
Lombardy, and crediting the high heating \ 
of the gas obtained from the furnace (2900 
per cu.m., or 280 B.t.u. per cu.ft.), the c 
pig iron production in this plant does not! 
ceed the cost of production in a regular ! 
furnace in the same locality. Five furnaces 
at present in operation, producing a tol 
10,000 to 13,000 metric tons of iron per m 
New 


larger furnaces are also under construct 


according to the quality required. 
Feperico GIoL! 
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The present units have a pows 




















CARIORUS > 
Sor mnt 


SARTORIUS 
Analytical Balance 
D3 PROJA 


with air-damping, 
projection reading 
and fractional 
gram weight ma- 






eZ: 


“At the Nat- 





from outside the case. Direct readings, no 


: | Au-W bdi 7) ; errors. 


. nipulation from 
be ional Metal ct ie 
i ‘ ° 
a Cc - 
‘ongress, de- , — 
= | FOR rapid series weighings. Exact read- 
: spite the crepe ha ngers, every- ings to 0.1 mg. on large projection scale. 
| ah welt G89 ’ No eve strain from prolonged observation. 
‘ | one seemed we ed, happy ane Weights from 10-990 mg. are placed upon 
d | prosperous.” right side of beam by rotating two dials 
} 
| 


Price, in oak housing, with ring riders, 


: : . resistance or transformer ..... . $265 
for welding all corrosion and heat resist- * ee 
: . Set of Weights (1-100 g)....... 20 
ing products. Send for data book. N. 1 


Catalog “‘Wagie 1” sent on request. 


Pfaltz & Bauer. Inc. 


EMPIRE STATE BUILDING, NEW YORK 
























MAURATH 


| _ UNION AVENUE-CLEVELAND 





























STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIRCULATION, ETC. 


Required by the Act of Congress of August 24, 3. That the known bondholders, mortgagees, 
1912, and March 3, 1933, of MetTaL ProGress, and other security holders owning or holding 1 
published monthiy at Cleveland, Ohio, for Octo- per cent or more of total amount of bonds, 
ber 1, 1936. mortgages, or other securities are: None. 

State of Ohio } 4. That the two paragraphs next above, giving 
County of Cuyahoga {| >” the names of the owners, stockholders, and se 
Before me, a Notary Public in and for the State curity holders, if any, contain not only the list 
and county aforesaid, personally appeared Ray of stockholders and security holders as they ap 
T. Bayless, who, having been duly sworn ac- pear upon the books of the company but also, 
cording to law, deposes and says that he is in cases where the stockholder or security 
the business manager of METAL ProGress and that holder appears upon the books of the company 
the following is, to the best of his knowledge as trustee or in any other fiduciary relation, the 
and belief, a true statement of the ownership, name of the person or corporation for whom 
management, etc., of the aforesaid publication such trustee is acting, is given; also that the 
for the date shown in the above caption, re- said two paragraphs contain statements embrac 
quired by the Act of August 24, 1912, as amended ing affiant’s full knowledge and belief as to the 
by the Act of March 3, 1933. embodied in sec- circumstances and conditions under which 
tion 537, Postal Laws and Regulations, to wit: stockholders and security holders who do not 
1. That the names and addresses of the pub- appear upon the books of the company as trus 


tees, hold stock and securities in a capacity 
other than that of a bona fide owner; and this 
affiant has no reason to believe that any other 
person, association, or corporation has any in 
terest direct or indirect in the said stock, bonds, 
or other securities than as so stated by him. 


lisher, editor, managing editor, and business 
manager are: Publisher, American Society for 
Metals, 7016 Euclid Ave., Cleveland, Ohio; Editor 
and Managing Editor, Ernest E. Thum, 7016 
Euclid Ave., Cleveland, Ohio; Business Manager, 
Ray T. Bayless, 7016 Euclid Ave., Cleveland 


Ohio. Ray T. BAYLEss, 

2. That the owner is: The American Society Business Manager. 
for Metals, 7016 Euclid Ave., Cleveland, O., (Seal) 

which is an educational institution, the officers 

being, President, R. S. Archer; Vice President, Sworn to and subscribed before me this Ist 
E. C. Bain; Treasurer, W. P. Woodside; Secre- day of October, 1936. 


tary, W. H. Eisenman; Trustees: B. F. Shepherd, : oO} Woe 
Walter Mathesius, G. B. Waterhouse, R. L. Ken- pag or 

yon, S. C. Spalding. All officers as above, ad NOG ; 

dress 7016 Euclid Ave., Cleveland, Ohio. (My commission expires Jan. 26, 1938) 
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Availability of a convenient, low cost means of producing 
inert gas has resulted in an increasing number of industria) 
applications for production of better finishes as well as for 
elimination of fire and explosion hazards. With the “R-C’ 
Harrison Inert Gas Machine. gas containing less than 1° 
oxygen and zero carbon monoxide is produced economi 
cally from oil or gas in any volume from 1,000 to 100,000 
cu. ft. per hour. Operation is simple and dependable 
Machines are available for portable or stationary use 
Write for Bulletin 100-B12 





Aa a 
CONNERSVILLE 


Blower Corporation 









CONNERSVILLE, INDIANA 











IN FAVOR OF 


CHAR 


07-0951 08 8A t 


With 10% new added, Char gives 
consistently higher and more uni- 
form activity than ordinary car- 
burizers with 25% new added. 
Consequently, the life of Char is 
10 runs os against 4 runs for 
ordinary corbyrizers. 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 





TOUGH 


STEEL 


(Continued from page 54) amount of 
ual austenite and hardening temperat 
two of the steels investigated. In the cas: 
nickel-chromium-tungsten steel, the opt 
heat treatment (quench from 1825° F., 


hr. at 300° F.) gave a hardness of Ri 
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Impact Strength of Two Alloy Steels, Oil Quenc he 
From High Temperature and Drawn at Low Te 
Thus Retaining Much Austenite. M 
not he 


perature 
nager test specimen is 10x10x55 mm. 
mm. deep with bottom rounded to 1-mm, rad 


In all « 


the amount of residual austenite was de 


C-44 and an impact strength of 9.8. 


; 


mined by comparing the unknown sample \ 

a standard specimen, quenched from 1750° | 

and tempered for a long time at 660° | 

magnetic saturation of which was considered 

the saturation of the pure alpha phase (that 
wholly transformed sample). 

Cherefore, we see that the increase ol 
pact strength with the increase of harde! 
temperature observed in the case of hy 
eutectoid steels is not connected with 
change in the amount of residual austenite 
is quite possible that the increase of tm] 
strength is caused by the more uniform solut 
of carbides or the solution of impurities pres 
along the grain boundaries. 

lhe combination of high temperature ! 
ening and low tempering gives the possi! 
of obtaining exceedingly high tensile str 
with considerable toughness in all the steels 
Georce W. AKIM 


vestigated 
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STRONG 


Round Boxes 
always last 





longer 
You yuiries are invited Bulletin No. C-1, containing practical informat Mise HN « swig Cent 
n Mise “Centricast™ boxes will be sent upon request dia. lee; (Pats. Pending) 
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ZEISS METALLOGRAPH 


A really complete metallograph . .. . Bright field, Dark field, Polarized 
light, Low power survey and Macro-photography. The most perfect me- 
tallographic instrument. — Simple but stable design. — Convenient of op- 
eration. — Unexcelled optics. — Instantaneous change from bright field to 


dark field without disturbance of focus. 





Descriptive catalog Micro 500 and prices will gladly be supplied upon request. 


Carl Zeiss, Inc. - 485 Fifth Ave. - New York, N. ¥Y. 


Pacific Coast Branch: 728 South Hill Street, Los Angeles, Calif. 
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2 APFET Y 


FURNACE 


FOR YOUR 


An automatic **Radio Prin- 
ciple— No Contact” shut-off 
offering absolute protection 
against excessive heating of fur- 
nace and loads at any desired 
temperature level. No weakness 
in controls or switching apparatus 
failure gets by Limitrol. Limi- 
trol is designed to operate with 
or without controllers. Engineer- 
ing data promptly furnished on 
request. 


WHEELCO INSTRUMENTS CO. 





1112-14 MILWAUKEE AVENUE «+ CHICAGO 





CAST CRANKS 


(Continued from page 52) 


were solid. All were made of carbon s 


heat treating grade, specified with 65,0 , 
tensile strength minimum. One holloy ed 


design and one solid design were heat 
to Brinell 212 to 248 whereas the third 
Brinell 440. 


noteworthy result of the full-sized torsion sts 


shaft was much harder 


that differences in design and heat trea 
made scarcely any difference, the torsior 
durance being 11,100 to 12,100 psi., despit: 
fact that the ultimate tensile strength n 


Endurance TJests on Crankshef? 




















WIDE 
FLATS 


Convenient Steel Sections, cold drawn to 
true flatness and straightness with close 
size tolerances. Widths up to 12 and 
thickness from 14"' to 2 cold sawed to 
length. Well adapted for bed plates and 
similar machine parts where accuracy 
contributes to economy and good work- 
manship. Your inquiries are invited. 


Cold Drawn Bars 
Shafting -:- Special Sections 
Ulera-Cut Screw Stock 
Alloy Steels 


ETTER MADE STEELS 
ABORATORY TESTED 
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inferred from the hardness to be 120,000 ps 
two designs and 210,000 psi. in the third. It is 
an inescapable conclusion that the strength 
the structure depends primarily on the des 
ind only slightly on the material. 

It should be noted that the observed fra 
tures in these tests correspond in appeara 
and location to those occurring in regular op 
tion of the automobile engines using these | 
ticular designs, and start either at the oil hol 
at the transition from pin to cheeks. 

One of the three designs of shafts (the 
heat treated to high hardness) was also 
jected to an endurance bending test on a Los 
hausen pulsation machine in such a way that 
bending moment was highest either in the 
necting rod pin or in the cheeks adjou 
Under these conditions the endurance in b 


(Continued on page 102) 
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Industrial Furnaces 
of all kinds 


Forging, Heat Treating, 
Metal Melting, etc. 
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Car type furnaces, Conveyor fur- 
naces, and the Stewart Gasifier 











{ Oven Furnace with track extensions for annealing, 


vrforated boxes mounted on rollers for handling the work ra 
PROCESS ANNEALING A Stewart representative is located 
\" pply equipment in a variety of types and sizes near you. Let us know and we will see 
batch or continuous annealing of pressed metal parts. that he gets in touch with you quickly. 
n annealing is achieved in our retort and full muffle ie CHICAGO FLEXIBLE SHAFT CO 





furnaces. Write for further information. 





1104 So. Central Ave., Chicago, U. S. A. 


AMERICAN GAS FURNACE CO. | FLEXIBLE SHAFT COMPANY, Ltd. 


ELIZABETH NEW JERSE) 349 Carlaw Ave., Toronto, Ontario, Canada 
Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 
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equipment used 
producing these su- 


perior tool steels are 







the most advanced in 


the world today. 
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CAST CRANKS 





(Starts on page 52) 


ing was 6400 psi. in the pin, and 11,400 psi. jp 
the cheek. It can be seen that endurance ip 
bending stress in the hardened hollow bored 
crankshaft is considerably lower than in tor. 
sional stress. Thus, it would appear that abrupt 
transitions are more dangerous in bending than 


in torsion. 

The above values were compared to those 
ascertained by identical testing procedure on 
cast crankshafts. (Among others, the following 
cast materials are used in Germany in competi 
earliti 
cast iron, black heart malleable, and Ford cop 


tion with high strength steel forgings: P 


per-chromium semi-steel. Cast steel has been 


used, but has not been widely developed becaus: 
of the danger of cracks during manufacturing 


The 


use of cast iron is again gaining ground 


because of new conceptions of structural! 
strength. The design of a forged steel crank 


shaft is conditioned by the forging and machin 


ing work. In a cast design, on the other hand, 


with in 
the 
strength 


it is possible to use other contours 
As demonstrated above, 
the 


but the torsional endurance and the 


creased economy. 


determining factor is not tensile 
resistance 
to bending stresses. 

The table on page 100 gives an interesting 
comparison of the strength of crankshafts mad 
iron and of high strength steel. From 
test 


endurance 


of cast 
these and other results it can be concluded 
that the 
hardened malleable iron shafts, tested full size, 
of the 


It should be noted that in this table the cas! 


of pearlitic cast iron and 


is about 65‘ strength of the steel shafts 
materials were tested in the same form as stipu 
lated for 
signs giving optimum properties for cast iron 
The Porsch 
for instance, made of pearlitic cas! 
hollow 


cored journals and pins, and cored cylindrica! 


steel. By the adoption of newer dé 
great improvements are possible. 
crankshaft, 
iron with round disk-shaped cheeks, 


cheeks where such are not adjacent to journa 
hearings, has an endurance in torsional stress 
of 8500 to 9250 psi. — about 10 to 15% highe! 
than a solid cast shaft of the same design as 
steel shaft. 
crankshafts of special design have about 75 
80% of the strength of steel shafts of equiva! 
ruling dimensions. 


re 


It therefore appears that cast 1 


Hans DienGARTEN 
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